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This progress report summarizes the research conducted at the Cottonwood, 
Presho, Buffalo, and Newell substations of the South Dakota Agricultural Ex­
periment Station. The area of each of the substations has its own specific 
problems or differences as far as agricultural production is concerned, but 
they also have some similar problems. These four stations are west of the 
Missouri River in widely scattered locations. 
Results shown are not necessarily complete nor conclusive. Interpretations 
given are tentative because additional data resulting from continuation of 
these experiments may result in conclusions different from those based on any 
one year. 
The report for each area will be found on the pages indicated: 
Antelope Range Field Station -- Buffalo, Harding County 1 
Range Field Station -- Cottonwood, Jackson County 27 
U.S. Irrigation and Dryland Field Station -- Newell, Butte County 64 
Reed Ranch -- Presho, Lyman County 99 
Other permanent substations making up the network of eight covering the entire 
state as indicated on the South Dakota map on the cover are: 
1. McPherson County. North Central Research Station, Eureka. 
2. Spink County. Irrigation Research Farm, Redfield. 
3. Hyde County. Central Research Staticn, Highmore. 
4. Clay County. Southeast South Dakota Experiment Farm, Centerville. 
5. Brookings County. Headquarters and the main station of South 
Dakota Agricultural Experiment Station of South Dakota State 
University are located at Hrooki�gs. 
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INTRODUCTION 
Ralph Trevillyan 
The Antelope Range Field Station in Harding County in the northwest corner of 
the state was established in 1948 as a field station dealing with the improve­
ment of beef cattle and the development of inbred lines. 
The bull calves from the cattle breeding project are fed out and some are sold 
to cooperators as breeding bulls. It is from these cooperator herds that steer 
calves are purchased to be fattened and slaughtered for carcass evaluation of 
the inbred lines. 
Sheep experiments consist of grazing management of ewes on winter ranges, and 
the problems associated with the lifetime production of ewes. Lambs and wool 
produced under different treatments of winter feeding and summer pasture graz­
ing rates are being measured. The major facilities at the Antelope Station 
are used for these two experiments. 
In times past the Game, Fish and Parks Department, and the Veterinary Department 
of South Dakota State College cooperated in experiments involving parasites 
which might be common to both cattle and antelope. 
PROGRESS REPORT FOR PROJECT 167 
c. A. Dinkel and Darrell Busch 
The cattle at the Antelope Range Field Station have formed the foundation 
for a statewide beef breeding program since 1952 when the present inbred lines 
were initiated. This herd corresponds to the purebred business in industry 
and in conjunction with the commercial herds in which lease bulls are used, 
the feedlot program at Brookings, the single cross study at the Cottonwood 
Range Field Station and the carcass work carried on in the packing plants form 
a duplication of the beef cattle industry. This allows the evaluation of the 
effects of the mating systems carried on at the Antelope Range Station through­
out the entire industry. 
From a research standpoint the reasons for using inbreeding may be classified 
as follows: 
(1) To produce lines that will be superior in their own performance, 
(2) To produce lines that will be superior in crosses with other lines, 
(3) To obtain information on inbreeding effects, 
(4) To obtain infonnation on heterosis or hybrid vigor, 
(5) To obtain reliable estimates of the effectiveness of selection, 
(6) To study methods of producing superior animals,and 
(7) To obtain information on gene action. 
The work at the Antelope Station is primarily oriented toward 3, 4 and 7 with 
secondary emphasis on numbers 5, 6 and 1. It may be obvious from the above 
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that hardly any research of a breeding nature can be carried on without closing 
the herds to outside blood. Effective research measures are impossible other­
wise. However, once the herd is closed the number of bulls used determines 
whether the inbreeding increases rapidly or not. Much of the work at the Miles 
City Station has been aimed at mild or slow inbreeding with maximum emphasis 
on selection. The work at the Fort Robinson Station emphasizes selection even 
more and uses breeds for the study of hybrid vigor in their crossbreeding ex­
periment. The project at the Antelope Station fits in well with this region of 
the country in that it emphasizes intense inbreeding with less emphasis on 
selection. This type of study best fits the station, and the cattle and 
pastures available. The following observations regarding inbreeding may be 
of interest. 
1. If it were not for inbreeding, we would not have our present day breeds 
of livestock. 
2. If it were not for inbreeding, breeders would not have been able to 
reduce the frequency of the dwarf gene in breeds of cattle to the extent that has 
been achieved. 
3. If it were not for inbreeding, many herds would not have influenced 
their respective breeds to the extent they have in the past. 
The beef industry is changing and will change more in the future. When industry 
asks the 4uestion as to whether or not inbreeding has a place in the changing 
industry, it is hoped that the experiment stations will have progressed far 
enough to provide an answer. Dr. Oliver Willham, President of Oklahoma State 
University, once said "We are still much in the dark about how rapid a rate of 
inbreeding can be guided safely by selection. Yet the thought persists that it 
may have been a needless waste of time to take 70 years to do work which might 
possibly have been done as well in 20 or 30 years. 11 While methods of utilizing 
inbreeding or inbred animals do not appear to lend themselves entirely to the 
present day cattle industry, if intense inbreeding proves to be a method of 
accomplishing 70 years' work in 20, industry will find a way to use it. The 
trends toward larger operations, fewer family farms, increased use of artificial 
insemination and indications of the practical usefulness of ova transplant all 
point to the possibility of incorporating more complicated methods into the beef 
cattle industry in the near future. 
The accompanying tables provide some of the information collected on the four 
single-sire inbred lines (1, 2, 3, 8) and the four•sire control line (12). The 
control line (12) was formed from essenitally the same foundation animals as the 
single-sire inbred lines. Table 1 indicates the increase in inbreeding of the 
calves for each year of the project. It will be noted that while inbreeding 
increased fairly rapidly in the early years it seems to have leveled off in more 
recent years. It appears to be rather difficult to increase the level very much 
past the 30 percent level. The control line is maintained by selecting two new 
bulls each year with no more than two of the four used in the line being from 
one sire. Table 1 indicates that the level of inbreeding is not increasing enough 
to prevent this line from being a satisfactory control on inbreeding level. That 
is, this line can be considered non-inbred for comparative purposes to the single 
sire lines. It has been estimated that the pure breeds of cattle increase in 
3 
inbreeding about 3 
exceed that level. 
line and, as would 
behind that of the 
percent per generation, and it appears this line 
Table 2 indicates the average inbreeding of the 
be expected, the level of inbreeding in the cows 
calves. 
will not 
cows in the 
is lagging 
Table 3 presents the weaning weights for the 12 years that the lines have been 
maintained with adjustments having been made for age and sex of calf and age 
of dam. It may be of interest to compare tables l and 3 for each line at a 
time in order to follow the decline in weaning weight associated with inbreeding. 
This decline is not uniform for all lines. The effects of environmental differences 
from year to year have not been removed from these data. As indicated by both 
the control line and the inbred lines, there is considerable year-to-year 
fluctuation. These large year-to-year variations make it difficult to estimate 
genetic improvement which may have been accomplished by the selection practiced. 
Averaging the first three or four years with the last three or four for the con­
trol line (line 12) gives some indication that selection has been effective. It 
seems apparent for the other lines (the inbred lines) that inbreeding has over­
powered any selection improvements that have been made. Before many conclusions 
can be definitely made, a more detailed analysis which will account for the 
environmental variations will be necessary. 
Table 4 presents the weaning weights after they have been adjusted for inbreeding 
of calf, as well as the other factors for which adjustment was made in table 3. 
In this table we should be able to better see what effects selection has had in 
the inbred lines since, theoretically, we have removed the effect of inbreeding 
of the calf. Inbreeding of the dam has not been studied in this herd and 
correction has not been made for this factor. Comparing the average of the first 
fo� years with the average of the last four years in an attempt to average out 
some environmental variations, it would appear that some selection progress has 
been accomplished in each of the lines. Again, this is not an accurate method 
of eliminating environmental or year-to-year variations but it does allow a rough 
appraisal. 
The performance of these lines and single crosses is being tested at the Cotton­
wood Range Field Station. As indicated above topcrosses of the inbred bulls 
produced at the Antelope Station are being made in commercial herds throughout 
the state, and steers from these commercial herds are fed in Brookings where 
detailed feedlot and carcass data are collected. It is hoped that during the 
coming year further analyses of the post weaning and cow traits measured on the 
Antelope Range cattle can be conductedJand further information relative to 
environmental effects and inbreeding of dam effects obtained. 
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Table 1. Inbreeding* of Calves (%) 
Line 
Line Line Line Line 12 All 
Year 1 2 3 8 (control) lines 
1953 7 15 15 13 
1954 12 19 12 16 
1955 9 11 13 2 10 
1956 16 29 18 8 7 12 
1957 15 32 22 8 0 10 
1958 18 28 24 6 2 13 
1959 21 24 29 12 l 13 
1960 22 23 23 14 2 11 
1961 27 29 28 15 4 15 
1962 30 30 29 18 4 14 
1963 28 31 17 4 12 
1964 29 26 31 19 4 15 
Sire-daughter mating produces a calf with 25% inbreeding. Half brother-half 
sister produces a calf with 12 1/2% inbreeding. 
Table 2. Inbreeding of Cows in Line (%) 
Line Line Line Line Line All 
Year 1 2 3 8 12 lines 
1953 0 2 2 2 
1954 0 2 l 1 
1955 0 3 4 1 2 
1956 2 11 8 4 0 3 
1957 7 14 9 4 0 5 
1958 8 12 9 2 0 5 
1959 12 14 12 5 2 7 
1960 10 20 15 5 1 6 
• 1961 15 19 14 6 1 8 
1962 18 18 17 6 l 8 
1963 16 18 7 2 6 
1964 21 25 23 9 2 11 
5 
Table 3. Adjusted* Weaning Weight 
Line Line Line Line Line All 
Year 1 2 3 8 12 lines 
1953 469 429 394 429 
1954 431 393 357 392 
1955 398 409 378 358 393 
1956 357 321 357 371 406 380 
1957 408 420 430 438 455 438 
1958 391 429 406 394 430 416 
1959 397 425 399 397 426 413 
1960 408 390 392 427 453 430 
1961 388 381 397 407 431 411 
1962 424 398 401 437 446 433 
1963 416 416 447 447 440 
1964 399 412 371 424 441 422 
Adjusted for age and sex of calf and age of dam. 
Table 4. Adjusted* Weaning Weight 
Line Line Line Line Line All 
Year 1 2 3 8 12 lines 
1953 481 455 420 452 
1954 452 426 378 420 
1955 414 428 401 362 411 
1956 385 372 389 385 418 401 
1957 434 476 469 452 455 456 
1958 423 478 448 405 434 439 
1959 434 467 450 418 428 436 
1960 447 430 432 452 457 449 
1961 436 432 446 433 438 437 
1962 477 451 452 469 453 458 
1963 465 471 477 454 461 
1964 450 458 426 457 448 448 
* Adjusted for age, sex, and inbreeding of calf, and age of dam. 
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CATTLE GRUB CONTROL 
Paul H. Kohler 
(Extracted from Animal Science Bulletin A.S. 64-17) 
This report will cover grub control studies for the past two years. Last year 
on Feeder's Day a progress report was given on late season treatment for the 
control of grubs. Many ranchers and farmers in this area found it more con­
venient to treat cattle for grubs after the November 1 deadline recorrnnended 
by some manufacturers. You will note from the tables on 1962-63 grub season 
that variable results were obtained from these late season treatments. How­
ever, it is of interest to note that in all cases in 1963 where weight gains 
were taken, the treated calves outgained the untreated. Some of the weight 
gain advantages were very small; but in the 157 calves studied at the Brookings 
Station, significant weight gain advantages were recorded favoring the treated 
calves. The untreated calves gained an average of 2.19 pounds per day over 
the 187 day period. The treated calves varied from an average 2.25 to 2.32 
pounds per day. This weight increase of 0.06 to 0.13 pounds per day represents 
an advantage of 11 to 24 pounds per calf. 
Range Field Station, Cottonwood 
No. Grubs/ calf No. Calves Grub 
Palpation of (avg.) infested reduction 
dates calves Dosage 2/19 4/12 2/19 4/12 2/19 4/12 
Treatment: 
Trolene FM (15 mg 121 90 mg/kg 3.0 1.4 45 30 75 90 
/kg for 6 days) 
1/9-14, 1963 
Untreated 54 12.1 13. 9 53 51 
Reed Ranch, Presho 
Palpation dates: 3/5 4/24 3/5 4/24 3/5 4/24 
Treatment: 
Ruelene 15 7 grams 0 0.2 0 2 100 98 
P.O. (12/28/62) 
Untreated 13 8.8 10.5 12 12 
The grub control studies for this past grub season are surrnnarized in the fol­
lowing tables. At the Reed Ranch, Antelope Range and Cottonwood substations, 
early grub treatment (September to early October) was administered. 
At Reed Ranch a pour-on Co-Ral treatment was used. The grub control was poor 
(48-15%). The 1-1/2 to 2 ounces volume per calf is quite a small amount. The 
insecticide was poured down the backline from the shoulders for about 18 
inches. It is possible that because such a small amount of insecticide was 
used in treating calves with winter hair that the insecticide, spread out over 
this large area, was inadequate in amount to reach the skin resulting in poor 
grub control. 
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Two . 25% sprays of Co-Ral were studied at Antelope Range. The calves were 
thoroughly wetted with a high pressure spray. Excellent horn fly control re­
sulted and excellent grub control. The two sprays were used in an attempt 
to give late season fly control and a less dosage per treatment of the organo­
phosphate to the young calves. No toxicity was noted. 
At Cottonwood, one Co-Ral spray treatment of 0. 375% was used. Excellent grub 
control resulted. Again, horn fly control was impressive. 
PRESHO: 
Grub Count Date 
Treatment: 
Co-Ral 4% W/V 
Pour-on 
Treated 10/4/63. 
Untreated 
COTTONWOOD: 
Grub Count Date 
Treatment: 
Co-Ral . 375% Spray 
9/9/63 
Untreated 
ANTELOPE RANGE: 
Grub Count Date 
Treatment: 
Co-Ral 0. 25% Spray 
(2 applications, 
9/12 & 10/10, 1963) 
Untreated 
1963-64 
No. of 
Calves Dosage 
37 k 2 oz/cwt 
21 
22 1 gal/head 
13 
35 1 gal/head 
42 
Grub Studies 
Avg. No. No. Calves Grub Reduce ion 
Grubs/calf Infested (!o) 
2/21 4/1 2/21 4/1 2/21 4/1 
1. 77 7. 24 14 24 48 15 
3. 4 8. 29 12 18 
4/1 4/1 4/1 
0. 27 5 97 
9. 15 13 
2/6 2/6 2/6 
0. 03 1 99 
8. 12 41 
Three systemic insecticides now on the market for beef cattle grub control-­
Ronnel., Co-Ral and Ruelen, give excellent control of grubs in beef cattle. 
Control indairy cattle is more difficult because these systemics can only be 
used on non-lactating dairy animals within a specified time before freshening. 
The insecticides are called systemics because they are distributed inside the 
body of the animal. The circulatory system carries the insecticide to the 
site where the grubs occur. 
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The proper timing of systemic insecticide application is important. Only 
one application may be necessary, but it should be made as soon as possible 
after all heel fly activity has stopped. Early applications are safer and 
more effective than later ones. In this area, treatments are given from 
August to November. 
Instructions printed on the labels of these products must be followed care­
fully in mixing and also in application. 
LONG-TIME WINTER FEEDING AND SUMMER GRAZING TRIALS WITH 
RANGE SHEEP IN WESTERN SOUTH DAKOTA, 1953-1959· 
F. R. Gartner, J. K. Lewis and W. R. Trevilly
an 
Introduction 
The range resource is the foundation of ranching in western South Dakota. The 
goal of the ranch manager is to reach and maintain maxium sustained livestock 
production. Two of the most important factors in achieving this goal are high 
range condition and proper supplementation. Native ranges can be maintained in 
high range condition by proper grazing management which includes careful sur­
veillance of degree of use, season of use, distribution of livestock and kind 
of livestock. The most critical of these is degree of use. Practices other 
than grazing management may be very important in improving a given range to the 
desired high condition. 
Proper supplementation combined with high range condition is necessary to achieve 
maximum sustained livestock production. In general, the value of range forage 
declines with advancing maturity and also varies from year to year. Dormant 
vegetation is usually too low in energy, protein, phosphorus, and carotene for 
maximum livestock production. However, supplementation of these nutrients may 
or may not be economical, depending on the severity of the deficiency, the cost 
of the supplement, and the sale value of the livestock products. 
On western South Dakota ranges supplements of salt, iodine, and in some areas 
cobalt, may be needed throughout the year. Carotene is converted to vitamin A 
and stored in the animal body. The amount of storage depends on many factors, 
but is usually adequate for the time livestock are grazed on low carotene for­
age except during drought years. Protein and phosphorus supplements are 
usually needed at least during the winter for economical production. Protein 
supplements are usually composed of energy-rich feeds such as soybean oil meal, 
which is approximately equal to corn in energy value. Consequently, when 
different amounts of protein supplement are fed, different amounts of energy 
feed are also provided. 
This study was designed to determine the effect of different degrees of grazing 
management in sunnner and different levels of protein and energy supplementation 
in winter on ewe and lamb production and on the range resource in northwestern 
South Dakota. The results presented in this paper are a progress report of the 
years 1953-54 through 1958-59. A detailed sunnnary of the experiment with data 
through 1961 is planned for publication within the next two years. 
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The Study Area 
The Antelope Range Field Station is located approximately 15 miles east of 
Buffalo in Harding County in the northwest corner of South Dakota. This area 
lies within the lowest rainfall belt in the state. The average annual pre­
cipitation from 1952 through 1959 at the experiment station was 12. 41 inches, 
while the growing season rainfall (April 1 to September 30) averaged 10. 08 
inches (Figure 1) . 
The vegetation is the northern mixed prairie type. The dominant cool-season 
grasses are western wheatgrass (Agropyron smithii) and needleandthread (Stipa 
comata) ; the dominant warm-season grass is blue grama (Bouteloua gracilis) . 
Other connnon grasses are green needlegrass (Stipa viridula) , prairie sandreed 
(Calamovilfa longifolia) , prairie junegrass (Koeleria cristata) , little blue­
stem (Andropogon scoparius) and bluegrasses (Poa spp. ) .  Sedges, especially 
threadleaf sedge (Carex filifolia) and needleleaf sedge (Carex elocharis) 
are fairly abundant. Silver sagebrush (Artemisia cana) is conspicuous as are 
many native forbs. 
Soils in this dry part of the Chestnut soil zone have not been leached to any 
great depth. Consequently, lime and other carbonates have accumulated fairly 
high in the soil profile. Most of the soils on the field station have fine 
sand incorporated in their surface horizons. The majority of these soils 
would be classed as a silty range soil group.I Other important range-soil 
groups found on the station are sandy, thin silty, thin sandy, panspots, and 
overflow. 
Experimental Procedure 
In November, 1951, 300 range ewes of mixed ancestry were permanently allotted 
to 12 treatments by restricted randomization, considering age, weight and fleece 
characteristics. The 12 treatments were combinations of four winter and three 
sunnner treatments. Ewes aged two through seven years were evenly apportioned 
in each treatment. 
During winters, the ewes grazed as a band on high condition native range deferred 
from grazing during the sunnner. They were cut into four groups each day for 
feeding, except that a double portion was fed on Saturday and none on Sunday. 
The four winter treatments were range grazing plus one of the following supple­
ments per ewe daily: 2 
Lot 1 - 1/3 lb. containing 40% protein winter-long 
Lot 2 - 1/3 lb. 
Lot 3 - 2/3 lb. 
Lot 4 1/3 lb. 
1 Dyksterhuis, E.  
Agr. Ext. 
2 
pound was 
Ser. F. S. 224. 
In 1953-54, 1/5 
fed to lot 3. 
II 20% II winter-long 
II 20% II winter-long 
II 40% II fed for the last six weeks of 
gestation 
J. 1964. My rangelands. What kinds? How good? S. Dak. 
pound of supplement was fed to lots 1, 2 and 4 and 2/5 
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Thus, the ewes in lots 1 and 2 received the same amount of supplemental feed, 
but those in lot 1 received twice as much supplemental protein. Although the 
ewes in lot 3 received the same amount of supplemental protein as those in 
lot 1, they received twice as much supplemental feed. The ewes in lot 4 re­
ceived supplement only during the period of very rapid growth of the unborn 
lamb. The winter-long supplements were fed from the beginning of breeding, 
about November 1, to the time that each ewe lambed. The ewes in lot 4 were 
fed from an estimated 6 weeks before the average lambing date until each ewe 
lambed. During the winter prairie hay was fed at the rate of 2 1/2 lb. per 
head daily when snow cover prevented grazing. Following lambing, supplemental 
feeding was discontinued. The ewes were bred to rather uniform polled Ram­
bouillet rams.l Lambing began about April 1 and was almost completed by May 1 
each year. The ewes were shed-lambed in order to facilitate the collection of 
lambing data. The lambs were ear tagged, vaccinated, docked, the males cas­
trated; also, the birth date, birth weight, sex of the lamb, and weight of the 
ewe were recorded. Prairie hay was fed free choice in the lambing pens and 
during storms. All groups were handled alike until placed on sunnner pastures 
about May 1 each year. 
From about May 1 to November 1, 100 ewes and their lambs were grazed on fairly 
comparable native pastures of different size which were stocked at different 
intensities beginning in 1950.2 The sunnner treatments were: 
1. 
ewe per 
2. 
per ewe 
Light grazing, 580 acres stocked at the rate of 0.97 acres per 
month. 
Moderate grazing, 408 acres stocked at the rate of 0.68 acres 
per month. 
3. Heavy grazing, 254 acres stocked at the rate of 0.42 acres per 
ewe per month. 
The number of ewes in each of the four winter treatments and three sunnner treat­
ments are shown in table 1. All ewes were culled in the fall of their seventh 
year. Some younger ewes were culled each fall because of a serious defect, such 
as a bad udder, rupture, broken leg, blindness, etc. Ewes were not culled for 
poor production unless they failed to produce a lamb for three consecutive 
years. Replacements for each treatment were selected from ewe lambs produced by 
that treatment. Selection was made on the basis of type of birth, birth weight 
and weight for age. The ewe lambs were all run together and treated alike until 
they were returned to the experimental treatments as long yearlings just prior to 
breeding. During the sunnner when death loss occurred, the grazing rate was kept 
constant by the temporary addition of ewes from a small "put-and-take" flock. 
These ewes were removed in the fall and permanent replacement was made with a 
yearling ewe produced in that treatment. The production records of the "put-and­
take" ewes are not included in the results. 
1 Twelve yearling polled Rambouillet rams were purchased every 2 years from 
the U. s. Sheep Experiment Station at Dubois, Idaho. 
2 Results of sunnner grazing for 1950 through 1953 are not shown in this 
report. In 1951 the pastures were stocked at 2/3 the planned rate. 
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Table 1.  Number of Ewes in Each Combined Winter-Sunnner Treatment 
Antelope Range Field Station, 1953-54 through 1958-59 
Sunnner 
Treatment 
(May 1-Nov. 1)  
Light grazing 
(0.97 A/ewe/mo) 
Moderate grazing 
(0. 68 A/ewe/mo) 
Heavy grazing 
(0.42 A/ewe/mo) 
Total ewes 
1 
Winter Treatment (Nov 1 to lambing) 
Range grazing plus: 
2 3 4 
1/3 lb. 40% 1/3 lb. 20% 2/3 lb. 20% 1/3 lb. 40% 
winter-long winter-long winter-long last 6 wks. 
of pregnancy 
25 25 25 25 
25 25 25 25 
25 25 25 25 
7 5  7 5  7 5  7 5  
Total 
Ewes 
100 
100 
100 
Well water, trace mineralized salt and a mineral mixture of equal parts salt and 
dicalcium phosphat�were available throughout the year. 
The treatment effects were measured by lamb and fleece production, ewe and lamb 
weights, death loss, and value of cull ewes. Monthly weights of ewes and 
lambs were taken with an overnight shrink on the ewes. Lambs were weaned in the 
last 2 weeks of September. Ewes were sheared and the fleeces weighed individually 
in early June. 
Results and Discussion 
In this progress report, over-all averages are presented without statistical 
analyses. A number of factors which may be important in ewe response -- such as 
age of ewe, lambing sequence and number of years on experiment -- have not been 
studied. These factors will be considered in the final report. 
Ewe Weight Changes: 
Ewe weight changes between treatments have varied considerably 
during sunnner and winter. These weight changes were influenced by a number of 
factors including amount and kind of supplement fed in winter, condition of 
winter and sunnner range, extremely hot or cold weather, prolonged snow cover, 
and age and condition of ewes. The importance of the seasonal weight changes 
has not been analyzed and no table of weight gains is presented. However, 
some generalizations can be made. 
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Generally, ewe weight changes during the wintering period (November to lambing) 
have been proportional to the amount of supplement fed. Ewes fed two-thirds 
pound of a 20% supplement (lot 3) lost less weight during winter and gained less 
during the sunnner than the other lots. The opposite was true of ewes fed only 
during the last 6 weeks of pregnancy (lot 4). These ewes lost the most weight 
during the winter and gained the most during the sunnner. 
Ewes from the heavily grazed sunnner pasture were in poorer condition than ewes 
from moderate or light grazing at the start of the winter treatments. As a 
result they did not lose as much weight during the winter as the other two 
sunnner lots, but they were still in poorer condition at lambing. During the 
sunnner the ewes under heavy grazing made the lowest gains; those on light 
grazing, the highest gains; while the gains of the moderately grazed ewes 
were intermediate. 
Lamb Crop Born and Weaned: 
Lamb crop born and weaned is expressed as a percentage of the 
number of ewes bred in each treatment (table 2). Although the lamb crop born 
was the lowest under heavy grazing, those ewes which were grazed heavily during 
the sunnner but fed the most liberal supplement during the winter (lot 3) pro­
duced an average lamb crop born of 131.3%. This was one of the highest six 
year averages and can be attributed to a large number of twin lambs born (table 
3). The additional number of twins was probably due to the flushing effect 
resulting from increasing the plane of nutrition by feeding a rather large 
amount of supplement during the breeding season (and throughout the winter) to 
poor condition ewes from the heavily grazed pasture. Because of the high plane 
of nutrition during the winter, their lambs were rather vigorous at birth and 
the ewes had an adequate supply of milk. A large proportion of these lambs sur­
vived even though raised under heavy grazing during the sunnner. The large 
lamb crop born and weaned under heavy sunnner grazing and liberal winter supple­
mentation (131.2 and 108.0%) is in sharp contrast to the very low lamb crop 
produced under heavy sunnner grazing and a low level of winter supplementation 
(113.8 and 88.3%). 
With regard to winter treatment only, the lamb crop born and weaned was greatest 
for the high level of winter supplementation (129.2 and 103.1%) and lowest 
for the low level (119.2 and 87.4%). Winter lot 1 (126. 7 and 97.7%) and winter 
lot 2 (122.6 and 95.4%) were intermediate and not widely different for all years 
of the study. 
The lamb crop born was highest for ewes on light grazing (130.1%), lowest for 
those under heavy grazing (120.0%), and intermediate for those under moderate 
grazing (123.2%). Lamb crop weaned was, again, highest for light grazing, 
98.8%. However, the lamb crop weaned was slightly greater for heavy grazing 
(96.6%) than for moderate grazing (92.5%). 
The death loss of twin lambs was lower for heavy grazing than for either light 
or moderate grazing during the 6 years of the study reported herein (table 3). 
However, fewer twins were born or raised under heavy grazing than under the 
other sunnner treatments. With regard to winter treatments, the death loss of 
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twins was higher for the low level of supplementation (lot 4) than for the 
other treatments. Furthermore, the number of twins born was considerably 
less at the low level of winter feeding. It should be noted here that the 
death loss of twin lambs is greater than desired under all treatments. How­
ever, for the purposes of this study no special lactating ration was fed. 
Closer examination of tables 2 and 3 indicates that the potential lamb crop 
weaned is greater under light and moderate grazing than under heavy grazing 
(considering the number of twin lambs born) . The death loss of twin (and 
single) lambs can be reduced with good management practices, especially in 
the first six weeks after lambing. 
Weaning Weights of Single and Twin Lambs: 
Ewes fed at the highest level during winter (lot 3) weaned the 
heaviest single and twin lambs, while ewes fed at the low level of winter 
supplementation (lot 4) weaned the lightest lambs (table 2) . Weaning weights 
of both single and twin lambs from ewes fed one-third pound of a 20% or a 
40% protein supplement (winter lots 1 and 2) were about equal, and only 
slightly higher than those from ewes fed only the latter part of pregnancy 
(lot 4). Differences between winter treatments were not large, but the 
trend was similar to that of other measures of ewe production. 
Sunnner grazing intensity appears to influence lamb weaning weights more than 
the level of protein supplement in winter. Ewes on the lightly grazed pasture 
weaned the heaviest singles and twins. The lightest lambs were weaned from 
heavy grazing, while lambs from the moderately grazed pasture were inter­
mediate between the t wo. The weaning weights of both single and twin lambs 
from light and moderate grazing were greater than those from heavy grazing 
for every year of the study period. 
The heaviest single and twin lambs were produced by ewes grazed lightly during 
the sunnner and supplemented heavily during the winter (86. 1 and 71. 2 pounds) . 
The lightest single and twin lambs were produced by ewes grazed heavily during 
the sunnner and supplemented lightly during the winter (74. 0 and 61. 2 pounds). 
There were important interactions between winter and sunnner treatments as well 
as large yearly differences. 
Lamb Production: 
Lamb production, expressed as pounds of lamb weaned per ewe bred, 
is shown in table 4. For the average of all years and all sunnner treatments, 
ewes supplemented liberally (lot 3) were highest, ewes supplemented only the last 
6 weeks of gestation (lot 4) were lowest, and the two lots fed 1/3 pound of 
supplement winter-long (lots 1 and 2) were intermediate and not widely different. 
The difference of 11. 8 pounds of lamb weaned between the heaviest and lightest 
winter treatment appears to be important and suggests the importance of adequate 
energy as well as protein supplementation during the winter. 
The pounds of lamb weaned per ewe bred varied widely in different years. In 
1957, there was less than 7 pounds difference between winter treatments. However, 
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in 1956 the lamb weight weaned per ewe bred for winter treatments 1, 2, 3 
and 4 was 70. 1, 75.2, 83. 5 and 53. 5 pounds, respectively. In that year the 
amount, kind and time of winter protein supplement appears to have been quite 
important. 
Lamb weight weaned per ewe bred for light, moderate, and heavy grazing res­
pectively was 77.3, 71.3 and 69. 8 pounds. The differences between the ex­
treme winter-surrnner treatments are of special interest. For example, light 
grazing and the heavy rate of winter supplementation (lot 3) produced an 
average of 22. 7 pounds more lamb than heavy grazing in surrnner combined with 
the lightest rate of winter supplementation (lot 4) over the 6-year period. 
This difference emphasizes the need for an adequate plane of nutrition year­
long for range ewes;_i.�.1 plentiful forage of good quality, properly supple­
mented, in order to maintain body weight and to produce healthy, vigorous 
lambs. 
Fleece Weight: 
The level of winter supplementation rather than the surrnner 
grazing intensity appears to have a greater effect on grease fleece weight 
than did the sunnner grazing intensity. For the period of this study, the 
ewes fed the greatest amount of protein supplement (lot 3) have had the 
heaviest fleeces, 10.8 pounds, whereas those receiving the least amount of 
supplement (lot 4) have had the lightest fleeces, 9.6 pounds (table 4). 
Sunnner grazing intensity does not appear to be closely related to grease 
fleece weight. Fleece data such as yield, staple length, fiber diameter 
and tensile strength will be reported in a future publication. 
Effect of Surrnner Grazing Intensity on the Vegetation: 
Although the results of this study can be measured in terms of 
ewe production, many important changes have occurred in the vegetation which 
have a direct effect on ewe production. The results presented in previous 
figures have been limited to the years 1953-54 through 1958-59. However, 
the surrnner pastures were grazed at different rates beginning in 1950. Inten­
sive measurements of vegetation and soils have not been conducted at this 
station, but observations and estimates have been made each year. 
More than 55% of the annual forage production has been removed each year in 
the heavily grazed pasture. Range condition and forage production have con­
tinually declined. Under heavy grazing the taller, cool-season grasses have 
decreased in abundance, while warm-season short grasses and annual grasses 
and weeds have increased. Buffalograss (Buchloe dactyloides), not an im­
portant grass in this area, is increasing in some of the draws. Plains 
prickly pear (Opuntia polyacantha) has increased, especially in recent years. 
Silver sagebrush (Artemisia �), which originally made up about five per-
cent of the vegetation, has been almost eliminated. The mulch cover has practi­
cally disappeared and serious soil erosion is occurring. 
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Range condition and forage production have not changed appreciably under moder­
ate grazing. Certain areas have been used more heavily than planned in some 
years, due primarily to weather influences. The desired utilization level in 
this pasture is from about 35 to 50% of the annual forage production. Silver 
sagebrush has been grazed closely, especially during the fall, and is decreas­
ing. However, the mulch cover is good and soil erosion is at a minimum. 
The lightly grazed pasture has improved in range condition since the beginning 
of the study. Because of the selective grazing habits of sheep and their 
habit of grazing regrowth vegetation, some small areas in this pasture have 
decreased in forage production. On large sheep ranges, areas of close util­
ization can be minimized by proper salting (to entice the ewes to lightly used 
areas), together with good water distribution and proper fencing. 
A utilization level of less than 35% of the annual forage production has been 
maintained on the lightly grazed pasture. As a result, range condition has 
improved to excellent and forage production is near maximum. 
Economic Considerations: 
The cost of supplementation increases as the amount fed or the 
protein content is increased. A 40% protein supplement may be expected to 
give greater ewe production than a 20% supplement in most years when fed in 
equal amounts. However, when fed at the rate of 1/3 pound per head daily, the 
difference in the protein content of the total ration is very small and random 
variation may obscure the effect of the treatments in some years. The decis­
ion as to the kind, amount, level, and time of protein supplementation in a 
given winter will depend on production factors and economic factors. Produc­
tion factors include the amount and nutritional value of the range forage, and 
the condition of the ewe and the weather. The economic factors include the 
cost of different supplemental feeds and the prices of lamb, wool and cull ewes. 
An economic analysis is not included in this progress report. However, the 
basic production data are given so that returns can be calculated using current 
prices and costs. The cost of the range deterioration which has occurred un­
der heavy grazing and the value of the range improvement which has occurred 
under light grazing have not been assessed. Also, the sale value of the cull 
ewes is not included. Any economic evaluation should take these factors into 
consideration. 
Sunnnary and Conclusions 
At the Antelope Range Field Station in November, 1951, 300 range ewes were 
permanently allotted to four methods of winter protein supplementation and to 
three summer grazing rates. The results presented in this paper are a prog­
ress report of the years 1953-54 through 1958-59. 
The results of the various levels of winter protein supplementation were: 
1. Ewes fed at the highest level (2/3 pound of 20% supplement all winter) 
were consistently better producers--measured in terms of lamb crop born 
and weaned, lamb weaning weight, lamb weight weaned per ewe bred, and 
grease fleece weight. 
16 
2. Ewes fed at the lowest level (1/3 pound of 40% supplement the last 
six weeks of pregnancy) consistently had the lowest production records. 
3. Ewes fed 1/3 pound 40% supplement all winter (lot 1) were slightly 
better producers than those fed 1/3 pound of 20% supplement all winter 
(lot 2) . This difference was expected since the ewes in winter lot 1 
received the same amount of energy but twice as much protein . as those 
in lot 2. 
In the sununer, lamb crop born, lamb weight weaned per ewe bred, and weaning 
weights of single and twin lambs were highest for ewes on light grazing, low­
est on heavy grazing and intermediate on moderate grazing. Some of the major 
consequences of heavy grazing which will continue to decrease ewe production 
are: 1) lower total forage production, 2) change in species composition from 
desirable to less desirable grasses and forbs, 3) a shorter green-forage season 
resulting from changes in species composition, 4) reduction in ground cover 
with an increase in soil erosion, 5) decreased land value, 6) greater nutri­
tional problems of ewes, 7) less ewe resistance to disease and parasites, and 
8) increased risk from poisonous plants. The deterioration of pastures under 
continued heavy use in sununer coupled with poorer ewe production make it 
quite obvious that heavy grazing cannot be justified economically over a long 
period. 
Results of combined winter-sununer treatments indicate the most productive ewes 
over the six-year period were those fed 2/3 pound of a supplement containing 
20% protein, all winte� and grazed lightly in surnrner o The lowest producing 
ewes were those supplemented only the last six weeks of pregnancy and grazed 
heavily in sununer. The large differences between ewe production under these 
two widely different winter-sununer treatments emphasize the need for an ade­
quate plane of nutrition throughout the year. 
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Figure 1. Growing Season (April through September) and Annual 
Precipitation at Antelope Range, Harding County, 
South Dakota, 1952 through 1959. 
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Summer 
treatment 
(May 1 - Nov 1 )  
Light Grazing 
(0 . 9 7  A/ewe/mo) 
Moderate Grazing 
(0 . 68 A/ewe/mo) 
Heavy Grazing 
(0 .42 A/ewe/mo) 
Mean 
Table 2 .  Average Lamb Crop Born, Weaned, and Weaning Weights of Singles and Twins)) 
Antelope Range Field Station, Six Year Summary, 1953-54 through 1958-59 
Lamb Crop Born, % 
Lamb Crop Weaned, % 
Weaning wt . ,  single s ,  lb  
Weaning wt . ,  twins,  lb  
Lamb Crop Born, % 
Lamb Crop Weaned, % 
Weaning wt . ,  singles,  lb 
Weaning wt . ,  twins , lb 
Lamb Crop Born, % 
Lamb Crop Weaned, % 
Weaning wt . ,  single£! lb 
Weaning wt . ,  twins , lb 
Lamb Crop Born, % 
Lamb Crop Weaned, % 
Weaning wt . ,  single s ,  lb  
Weaning wt . ,  twins,  lb  
Winter Treatment (Nov 1 to lambing) 
Range Grazing plus : 
1 2 3 4 
1/3 lb . 401, 1/3 lb . 201, 2/3 lb . 201, 1/3 lb . 401, 
winter long winter long winter long last 6 wks .  
pregnancy 
132 .6  125 . 5  133 .6 128 .7 
105 .4  94 .5  109 . 4  86 .o  
84 . 1  82 .0 86 . 1  82 .0  
66 .9  69 . 1  71.2 67 . 9  
130 . 2  124 .7 122 .7 114 .8 
96 . 0  93 .8 92 .0 88 .o  
8o . 2  82 . 9  82 . 5  82 . 3  
63 .0  65 . 1  67 .8  62 .6  
116 . 9  117 . 5  131 . 3  113 . 8  
91 . 5  98 .0 108 .0  88 . 3  
79 . 5  76 . 1  77 .0  74 .o 
62 .0 62 .2  63 . 1  61 . 2  
126 . 7  122 .6 129 .2 119 .2 
97 . 7  95 .4 103 . 1  87 .4  
81 . 3  8o . 2  81 .8 7"2 64 . 3  65 . 3  67 . 5  6 . 2  
Mean 
130 . 1  
98 .8 
83 . 5  
69 . 1  
123 . 2  
92 . 5  
82 .0  
64 . 9  
120 . 0  
96 .6  
76 . 5  
62 .4 
124 . 5  
96 . 0  
8o .6 
65 .6  
"};/ Average weights of twin lambs include only those raised as  twins (does not include twins raised as  single s ) . 
Weaning weights of 17 "robbers , "  "bums, "  "runts , "  and 49 lambs from ewes that died before the September 1 
weigh day are excluded . 
Table 3 .  Number of Twin Lambs Born, Died , and Percentage Death Loss of Twins 
for Six Years at the Antelope Range Field S tation 
1953-54 through 1958-59 
Winter Treatment (Nov 1 to lambing) 
Range Grazing plus : 
1 2 3 4 
Summer 1/3  lb 40'7. Total born , 
treatment 1/3  lb 40% 1/3 lb 20% 2/3 lb 20% las t 6 wks died , and 
(May 1 - Nov 1)  winter long winter long winter long pregnancy Avg death loss 
Light Grazing Twins born 104 74 110 96 384 
Twins d ied 22 24 22 44 1 12 
(0 . 97 A/ewe/mo) Avg death los s ,  % 21 . 2  3 2 . 4  20 . 0  45 . 8  2 9 . 2  
Moderate grazing Twins born 102 90 80 60 332 
Twins died 32 28 24 20 104 
(0 . 68 A/ewe/mo) Avg death los s ,  '7. 3 1 . 4  3 1 . 1  3 0 . 0  33 . 3  3 1 . 3  
Heavy grazing Twins born 74 66 104 48 292 
(0 . 42 A/ ewe/mo) 
Twins died 20 14 22 18  74 
Avg death los s ,  % 27 . 0  2 1 .  2 2 1 .  2 3 7  . 5  25 . 3  
Total - Twins born 280 230 294 204 1008 
Total - Twins d ied 74 66 68 82 290 
Avg death los s ,  '7. 26 .4  28 . 7  23 . 1  40 , 2  28 . 8  
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N 
0 
Summer 
Treatment 
(May 1-Nov. ll 
Light Grazing 
(0 .87 A. per 
ewe per mo. ) 
Moderate Grazing 
( o . 68 A .  per 
ewe per mo . )  
Heavy Grazing 
( 0 .42 A. per 
ewe per mo . )  
Mean 
Table 4 .  Average Pounds of Lamb Weaned Per Ewe BredY and 
Grease Fleece We ight of Ewes at the Ante lope Range 
Fie ld Station; Six-Year Summary 1953-54 through 1958-59 
Winter Treatment (Nov. 1-lambing ) 
Lamb wt. weaned �er ewe bred, lb 
Fleece wt. , lb 
Lamb wt. weaned per ewe bred, lb 
Fleece wt. , lb 
Lamb wt. weaned per ewe bred , lb 
Fleece wt. , lb 
Lamb wt. weaned per ewe bred, lb 
Fleece wt. , lb 
Range Grazing Plus : 
1 2 3 4 
1/3 lb . 4Cfl}, 1/3 lb . 20% 2/3 lb . 2Cfl}, 1/3 lb . 4Cfl}, 
winter long winter long winterlong last 6 wks. 
pregnancy 
81 . 2  74. 1 86 . 5  67. 2 
9.8 9.9 10. 4  9 . 7 
71. 2  73. 3 71.8 69.0 
10 . 5  10 . 2  11 . 1  9.6 
67. 5 70. 5 77 . 2  63 .8  
10 . 2  10 . 0  10 . 8  9.4 
73 . 3  72 . 6  78. 5 66. 7 
10 . 2  10 .0  10 . 8  9.6 
y Lamb weight weaned per ewe bred is based on the weaning weight of  lambs indicated in Appendix Table 3. 
" 
Mean 
77 . 3 
10.0 
71 . 3  
10 . 4  
69.8  
10 . 1  
72. 8 
10 . 2  
EFFECT OF FLUSHING AND WINTER SUPPLEMENTATION ON LAMB PRODUCTION: 
A PILOT STUDY, 1956-57 THROUGH 1961-62 
F. R. Gartner, J. K. Lewis, and W. R. Trevillyan 
A flock of 100 ewes were summer-grazed on a 4-unit, deferred-rotation grazing 
system at Antelope Range. During winter, they were grazed with the rest of 
the ewes as a band (as previously reported) on deferred winter range . Winter 
supplementation consisted of 1/3 pound of a 40% protein supplement per head 
daily, either throughout the winter (winter lot 1 in previous report) , or the 
last six weeks of gestation only (winter lot 4 in previous report) . Half of 
each of these two winter lots were flushed by feeding 2/3 pound cracked corn 
and 1/3 pound 40% protein supplement per ewe daily on the range. During the 
first three years of the study, ewes were flushed from weaning until the be­
ginning of breeding (33, 41 and 47 days, respec tively) . In 1959, ewes were 
flushed from two weeks before the beginning of breeding through the breeding 
season (58 days) . In 1960 and 1961, ewes were flushed from two weeks before 
the beginning of breeding until two weeks after the beginning of breeding (28 
days) . The ewes were moved from sunnner to winter range and breeding was begun 
about November 1 each year. Ewes were shed-lambed in April and managed as 
described in the previous report. In most years the replacement yearlings 
were not in the flock when flushing began. Consequently, results are tabulated 
for older ewes only. 
Lambs born alive and weaned (% of ewes at breeding) by unflushed ewes and the 
advantage for flushing (flushed minus unflushed) are shown in table 1. In four 
out of the six years flushed ewes produced more live lambs at birth than un­
flushed ewes (P <' . 05) , especially when supplemented throughout the winter. In 
1957 and 1961, the range was green until late in the fall and fewer live lambs 
were born to the ewes which were flushed and continuously supplemented than to 
the unflushed ewes. Flushed ewes, whose plane of nutrition was interrupted, 
gave birth to the same number of live lambs as the unflushed ewes in these two 
years. Although the spring and summer of 1961 were verv drv . Qood rains were 
received in late August and early September, resulting in green forage until a 
late, killing frost. However, the winter range was completely consumed by 
January 1 and the ewes were kept in drylot on prairie hay with their usual supple­
ment until lambing. The plane of winter nutrition was consequently higher than 
in previous years and was probably responsible for the relative high lamb pro­
duction in 1961-62. 
More lambs were weaned by the flushed than the unflushed ewes, especially those 
which were continuously supplemented (winter lot 1) in the four years when the 
fall season was dry prior to breeding. However, these differences were not 
significant. 
Weaning weights were not significantly affec ted by the flushing treatment. 
Salable lamb production (pounds lamb weaned per ewe at breeding) from the flushed 
ewes continuously supplemented (winter lot 1) was slightly greater than from the 
unflushed ewes (+ 3.8 pounds) , especially in the years without green forage in the 
fall (+ 6. 7 pounds) . However, salable lamb production from the flushed ewes whose 
plane of nutrition was interrupted, was slightly less than from the unflushed 
ewes. 
With corn at $40/ton and 40% protein supplement at $100/ton it would cost $1. 20 
to flush a ewe (at the level fed in this experiment) for 40 days. The additional 
6. 7 pounds of lamb from the ewes supplemented winterlong and flushed only in 
years with dry falls would be worth $1. 21 if feeder lambs sold for $18.00 per 
hundred weight . 
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The results  from this pilo t s tudy with smal l numbers o f  ewes are not conclusive . 
However, the data sugges t that : 
1 .  lamb crop born alive can be increased substantially by flushing ewes 
in dry fall s ,  especially if an adequate p l ane of nutrition is maintained 
throughout the winter, and 
2 .  a higher level o f  management is required during and after lambing to 
save the additional twin l ambs . 
Table 1. Effe ct of Flushing and Winter Supplementation on Lamb Production.!/ 
Ante lope Range,  1956-57  through 1961-62 
(Ewes aged 3 through 7 at lambing3/ ) 
Lambs Born and Weaned 
Difference in lambs produced, % of ewes bred (flushed minus control )il 
Protein supplement : 1/3 lb . 40% 1/3 lb . 40% 
winterlong last 6 weeks of gestation 
Live lambs born Weaned 
percent percent 
1956 ( 115 . 0 )  + 3 2 .  6 ( 100. 0 )  + 19. 0 
195 7�/ ( 125 .  0 )  - 13 . 9 ( 110 . 0 )  - 21. 1 
195 8  ( 111. 1 )  + 36 . 3  ( 105 .  6 )  + 20 . 7  
195 9  ( 115 . 8 )  + 36 . 8  ( 105 . 3 )  + 31 .  5 
1960 ( 125 . 0 )  + 15 . 0  ( 105. 0 )  + 5. 0 
196 �/ ( 136. 4 )  - 10. 1 ( 122 .  7 )  + 3 . 6  
AVERAGE : ( 121. 4 )  + 17 . 8 ( 10 8. 1 )  + 9 . 8 
(all years ) 
AVERAGE ; ( 116 . 7 ) + 30. 2 ( 104. 0 )  + 19 . 0  
(e xcept 
1 57  and ' 61 )  
Live l ambs born 
percent 
( 13 3 • 3 ) - 13 . 3 
( 136 . 8 )  o . o  
( 109 . 1) + 12 . 6  
( 118. 2 )  + 16 . 8 
( 121. 1 )  + 26 . 5  
( 150 . 0 )  o . o  
( 12 8 . 1 )  + 7 . 1 
( 120 . 4 )  + 10 . 7 
Weaned 
percent 
( 114. 3 )  - 14. 3 
( 121. 1 )  - 31 . 6 
( 90 . 9 ) + 0 . 4 
( 10 4. 5 )  + 10. 5 
( 84. 2 )  + 15 . 8  
(130 . 0 )  - 5 . 0  
( 10 7 .  5 )  - 4. 0 
( 9 8 . 5 )  + 3 . 1  
1/ Flushed ewes were fed 2/3 lb . corn and 1/3 lb . 40% protein supplement per head 
daily on range .  In 1956,  195 7  and 195 8  ewes were fed from weaning to the 
beginning of breeding or 33,  41 and 47 days, respective ly .  In 195 9 ewes were 
fed for 2 weeks before the beginning of bree ding through the breeding season, 
5 8  days. In 1960 and 196 1 ewes were fed from 2 weeks before the be ginning 
of breeding unt i l  2 weeks afte r, 2 8  days. 
2 /  Number of ewes per treatment averaged 20 and ranged from 18 to  2 3 .  
3/ Figures in parenthesis are lambs produced (% of ewes bre d )  by unflushed ewes. 
4/ In 195 7  and 196 1 the range remained green unti l  late in the fall. 
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Table 2. Effect of Flushing and Winter Supplementation on Lamb Production 
Antelope Range, 1956-57 through 1961-62 
(Ewes aged 3 through 7 at lambing) 
Salable Lamb Production 
Protein supplement :  1/3 lb. 40% 1/3 lb. 40to 
1956 
195 7!/ 
1958 
1959 
1960 
1961!/ 
Average (all 
years) 
Average 
(except 
1957 and 
1./ In 1957 
Table 3. 
Source 
of 
Variation 
Total 
Flushing 
Winter 
FW 
Years 
FY 
WY 
FWY 
Total 
Flushing 
Winter 
FW 
Years 
FY 
WY 
FWY 
1/ 1956-57 
i� P<. . as 
-k·k P <  .01 
Winter long last 6 weeks of gestation 
Unflushed 
Advantage 
(Flushed-unflushed) Unflushed 
Advantage 
(Flushed-unflushed) 
lbs 
68.7 
66.7 
82.7 
80.3 
64.4 
95. 7 
76.4 
74.0 
1961) 
lbs 
- 0.1 
-10.2 
+10o 4  
+15.3 
+ 1.0 
+ 6.2 
+ 3.8 
+ 6. 7 
lbs 
75.1 
71.2 
69.7 
80.5 
54.1 
95.8 
74.4 
69.8 
lbs 
-12.2 
-13.5 
+ 1.3 
+ 2.2 
+ 4.8 
- 2.0 
- 3.2 
- 0.9 
and 1961 the range remained green until late in the fallo 
Effect of Flushing and Winter Supplementation on Lamb Production 
Antelope Range 1956-57 through 1961-62 
Analysis of Variance 
Mean Squares - All 6 Years 
% % Wng. Wng. Lamb 
Lambs Lambs Wt. Wt. Wnd. per 
d. f. Born Weaned Singles Twins Ewe Bred 
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1 808.52 49.60 0.24 9.62 0.43 
1 28.82 3380 25 4.50 18. 72 182.60 
1 126.76 286.35 1.13 0.97 73 .SQ;'c' 
5 152.56 3900 87 284.45;b'c' 221. 87;'c';'c' 777 .65;b'< 
5 221.00 262.24 2.50 120 99 60. 28;'<' 
5 189.04 1380 57 17.69 140 07 52.11* 
5 149.45 55.87 7.54 8.68 9.97 
4 Years Only 1/ 
15 
1 1666.68;'< 490.62 0.27 20.47 32.21 
1 147.01 726. 30 1. 75 5.64 255.20 
1 381.23 254.41 0.86 3.33 58.14 
3 87.87 181.34 247 .Sl;'d: 189.97;'ck 459.17;'c';'c' 
3 57.68 580 46 3.58 16.43 41.60 
3 42.54 87.20 2.36 21.59 54.60 
3 139.65 88.41 6 0 05 13.20 15.23 
and 1961-62, years with green falls were omitted. 
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EFFECT OF SELF-FED LAMBING RATION ON LAMB PRODUCTION 
J .  K. Lewis,  F .  R .  Gartner and W . R .  Trevillyan 
During the winter of 1963-64, grade Rambouillet ewes were bred to Hampshire 
rams (beginning November 1) , grazed as a band on range deferred for winter 
use, and fed 2/3 pound per head every other day of a supplement containing 20 
percent protein until 6 weeks before the estimated average lambing date 
(March 1 ) . From this  date until she lambed, each ewe was fed 2/3 pound of the 
supplement daily.  Ewes were sheared February 2 8 .  A bad storm with extremely 
c old weather and about 3 inches of snow hit on March 20, and prairie hay was 
fed for 3 days because of snow c over . No other hay was fed during the winter . 
Following the storm, 10 ewes were lost with s ymptoms resembling pregnanc y d i s ­
ease . Treatment with molas ses drench and intraperitoneal glucose inj ection 
was ineffective . Lambing began April 1 and for 8 days the drop band was fed 
prairie hay free- cho ice along with one pound of alfalfa hay, one pound of corn, 
and 2/3 pound of the winter supplement. Corn feed ing was reduced, then stop­
ped on April 10 . 
After lambing, one -half of the ewes in each summer graz ing treatment were self­
fed a pelleted ration containing approximately 2/3 prairie hay and 1/3 barley1 
wh ile the other half was given free acces s to prairie hay and , for the first 3 
days after lambing, was also  fed 2/3 pound per head daily of the winter supple­
ment . The first ewes left the lambing pens on April 1 0 .  The weather was very 
good after this date and hay feed ing to the control ewes was stopped on April 
15 because they were leaving the hay and chas ing the green gras s .  These ewes 
lost  condition rapidly during this period . 
The self-fed ewes consumed 8 to 9 pounds per head daily of the pelleted ration 
in the lambing pens and ate about 6. 4 pounds per head daily for the first week 
after they were turned on range . The ewes were removed from the self -feeders 
when they were placed on summer pasture May 7 .  Consumption for the feed ing 
period averaged 153 pounds per ewe . 
Dog ticks (Dermicentra andersonii) were noticed during the last week of April. 
By the last of April the ticks were present in epidemic numbers --covering the 
sagebrush, saddle horses, and cattle, as well as the sheep . Many lambs d ied 
and many that were s ick rec overed slowly .  Typical s ymptoms were lamenes s  in 
one or more legs, general inactivity and weaknes s .  Some lambs died while they 
were still in good cond ition, others became quite emac iated . Post  mortem ex­
aminations showed an arthritis  with an increase in j o int fluid . The bacteria 
cultured from this  fluid were mostly staphylococci  with a few c olonies of 
Corynebacterium pyogenes wh ich is  frequently found in j o int infections and ab­
s ces ses . One lamb was found to have multiple abs ces ses throughout the skeletal 
mus cles and vis cera from which staphylococci  were cultured . These organisms 
may have entered through the tick bites . There was no evidence of viral arthri ­
tis, white mus cle d isease or internal paras ites . Lambs that were given peni­
c illin injections responded slowly if at all . 
The effect of the self-fed lambing ration on lamb production is  shown in the 
following table o Lamb los ses were high in both control and treated lots . How-
1 The pelleted ration contained 62 . 0% prairie hay, 3 0 . 5% barley, 5% cane molas ­
ses and 2 . 5% bentonite . The protein content was 9 . 03% with 7 . 19% mo isture . 
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ever, death loss of both singles and twins was substantially reduced by the 
self - fed ration ; weaning weights were increased and salable lamb production 
was increased 17 . 2  pounds per ewe fed . With prairie hay at $20 per ton, sup­
plement (20% protein) at $70 per ton, the pelleted ration at $ 45 per ton, and 
feeder lambs at $21 per hundred, the self-fed ewes returned 43 cents more per 
head than the controls. The same beneficial ef fect could probably be achieved 
at less cost by hand feeding suitable homegrown feeds. This trial is being 
repeated in 196 4-65.  
Ef fect of Self-fed Lambing Ration on Lamb Production 
Antelope Range, 196 3 - 6 4  
Control 
(Prairie Hay) 
No. ewes fed 1 
No. twins born2 
Twins died, birth to May 7, % 
Twins died on summer range, % 
No. singles born3 
Singles died, birth to May 7, % 
Singles died on summer range, % 
Death loss, all lambs birth to 
weaning, % 
Weaning weight, singles, lbs 
Weaning weight, twins, lbs 
Weaning weight, twins raised 
single, lbs 
Salable lamb production, lbs 
Weaned per ewe fed 
Feed consumed, lbs per ewe : 
Hay 
Supplement 
Self-fed ration 
1 Only ewes with live lambs. 
187  
7 6  
45 
21 
148  
1 6  
3 
33 
69. 9 
5 6. 7  
65. 1 
55 . 1  
about 19 
2 
Lactation Ration 
(Lamg!�
g
7 
yo Self-fed 
Pelleted Ration 
185  
1 06 
2 4 
18 
130 
8 
3 
24 
75 . 9  
59 . 6 
7 3 . 4  
72 . 3  
15 3 
2 Lambs born twins with both twins alive after lambing ; does not include any 
lambs that were dead, crippled, or deformed at birth . 
3 Singles born alive ; does not include any lambs that were dead, crippled or 
deformed at birth . 
2 5 
EFFECT OF INJECTABLE IRON AND VITAMIN A ON LAMB SURVIVAL 
F .  R .  Gartner, J .  K. Lewis, and W . R .  Trevil l yan 
The long term intensity of grazing and winter supplementation studies (see pre ­
vious report) were redirected in the fall  of 1962, and the ewes were reallotted 
to summer grazing treatments by restricted randomization considering previous 
treatment and age . No differential treatments were applied to the ewes during 
the winter in order to minimize residual effects from previous treatments . The 
ewes were grazed as a band on range deferred for winter use and every other day 
were fed 2/3 pound per head of a supplement containing 20 percent protein until 
6 weeks before the estimated average l ambing date ; they were then fed 2/3 
pounds per head dail y of the supplement until lambing . Ewes were shed-lambed 
beginning April 1 .  Prairie hay was fed free-choice in the l ambing pens and on 
the range when needed during storms . No supplement was fed after l ambing . 
Within 24 hours after birth , ever y other lamb was given two injections, one with 
2. 0 cc inj ectable iron (5 0 mg elemental iron per cc) and one with 0. 5 cc vita­
min A (5 00, 000 I . U . per cc) . Of 263 twins, 35% of the untreated and 41% of the 
treated died by May 9 .  Of 239 singles slightl y over 8% were lost in both treat­
ed and untreated groups . Severe weather after l ambing increased the stress on 
the weaker lambs . Essentiall y  no dif ference was observed between the treated 
and the untreated lambs in survival or in weaning weight . 
Antelope Range Tree Pl antings 
Paul E .  Col lins 
A windbreak was planted in 1957 to the north and west of the farmstead area. 
Initial survival was rel ativel y  good due to a favorable moisture suppl y. 
However, a high percentage of the Eastern redcedar and Ponderosa pine were 
killed by an unfavorable winter. Since that time unfavorable moisture 
conditions and root competition from established trees have prevented good 
transpl anting success. To date a 1 00 percent stocking of the evergreens 
has not been achieved. Chinkota elm, Russian olive and lilac have per­
formed satisfactoril y, and well-established E astern redcedar and Siberian 
peashrub have given good growth . 
In 1960, two spacing study plots utilizing Chinkota elm were pl anted . Com­
pared were between-row spacings o f  12  feet and 24 feet. Spacing in the row 
was identical - 12 feet between trees. Some transpl anting in succeeding 
years has been necessary to obtain 1 00 percent stocking. Growth of all 
established trees has been satisfactory. 
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The Range Field S tation at Co ttonwood has a greater variety of experiments  in 
progres s than any other s tation. The Agronomy Depar tment tes ts  small grain 
varieties, gras s varieties, and occasionally corn and s orghum. The legume nur ­
sery contains many varieties of alfalfas and o ther legumes being tes ted for the 
wes tern par t of South Dakota. 
The Animal Science Depar tment has work in progress in beef cattle breeding, 
cattle on wes tern pas tures involving different intensities of grazing--heavy, 
moderate, and light. This s tation is centrally located in the range area of 
wes tern South Dakota .  Several plots  demons trate new practices of  range renova­
tion such as interseeding and ripping . Watershed runoff s tudies have now been 
initiated on the long-time "rates of grazing" pas tures. These experiments  will 
reveal the effect of heavy, moderate or light grazing rates on the amount of 
runoff from such pas tures. 
Calves wintered with shelter in small lot s  are compared to calves wintered on 
the open range. Pes ticides for cat tle and the means of application--pour on, 
back rubbers, and sprays--are tes ted . 
Other departments of the college--Horticulture, Agricultural Engineering, 
Plant Pathology, and Entomology-Zoology--actively engage in experiments which 
have immediate usefulness and high demonstrational value. 
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THE EFFECT OF LEVEL OF WINTER SUPPLEMENTATION AND 
INTENSITY OF SUMMER GRAZING ON STEER GAINS ON NATIVE RANGE 
James K. Lewis, F. R. Gar tner, L. B. Embry and John Nesvold 
(This repor t is from Animal Science Depar tment Report No. AS 64-10) 
The experiments summarized in this report were conducted at the Cottonwood 
Range Field Station , 75 mi les east of Rapid City , where an intensity of grazing 
study on �ative range has bP.en in progre ss since 1942. Six  native pastures were 
grazed heavily , moderately , or lightly from May through November by cows and 
calves through 195 9. The results of these studies are reported elsewhere. 
Since 195 9 steer calves have been used to study the effect of winter suoole­
mentation and intens ity of summer grazing  on steer gains on native range. 
Stocking rates with steers were s imilar to those obtained with cows and calves. 
The average annual precipitation at the Cottonwood Range Field Stat ion is 
15. l inches. The predominant ran ge soi l  group is clayey , and the maj or grasses 
are western wheatgrass , blue grama and buffalogras s. At the beginning of the 
grazing study in 1942 , all of the pastures were in good range condition. Under 
heavy grazing range condit ion declined t o  low fair and high poor in rep l and 
2 ,  respectively , by 195 9. The moderately grazed pastures were still in good 
ran ge condition and the light ly grazed pasture s had improved to low excellent 
range condition. Since 195 9 western wheat grass , the most abundant grass in high 
range condit ion ,  has decreased from about 40% by weight in light grazing t o  about 
15% in 1963. In turn short grasses , dryland sedges and annuals have increased. 
S imilar changes have occurred in areas permanently exc luded from grazing . The 
reasons for these changes are being studied and may be due i n  part to five 
consecut ive years of below normal precipitat ion in March and April  ( t able 1 ). 
The effect of soring drought on cool season western wheatgras s  was inten s ified 
by compet ition from j apanese brome , a winter annual grass. Japanese brome appears 
to require about 2 inches of precipitat ion in September or October followed by 
good fall growing conditions to develop dense populations which are fiercely 
competitive. Such populat ions developed in each of the years from 1960  through 
196 3 , although t he dens ity of the j apanese brome was somewhat lower in 196 1 
fol lowing the dry fall  of 1960. P lant pathogens and parasites appear t o  have 
been involved , pos sibly as secondary fact ors , in the decline of western wheat grass. 
Precipitat ion for t he past five years is shown in  table 1. Whi le the yearly 
totals are near or above average for each year except 196 1 ,  t he range has had 
the appearance of severe drought for the last three years. 
The steer s tudies from 1959-60  through 1962-63  have been conducted as three 
fact orial exneriments with different levels of winter supnlementation and 
different intensit ies of summer grazing. Average daily gains for different 
periods were analyzed by least squares , and the corrected means separated by 
Duncan's Mult iple Range Tes t are presented in the tables. Since there were no 
significant winter x summer interact ions in any of the experiments , the summer 
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intens ity of grazing studies and the winter level of supplementation studi es 
will be discus sed separately . One might have expected steers with high wint er 
gains to maintain their wei ght advantage during the summe r ,  if they were li ghtly 
grazed on pastures in excellent range condition ,  but to los e  this advantage , 
if  they were heavi ly grazed on pastures in fair or �oor range condition.  
Unfortunately , it  was impos sible to test this hypothes i s  because of the very 
poor growing condit ions for cool season grasses whi ch were encountered during 
these studies . 
Effect of Intens ity of Summer Grazing on Steer Gains 
Ten record steers were allotted to each grazing rate in each replication in 
1959  and nine record steers were used in each year afterward. Average dai ly gains 
are based on the record st eers and they remained on the pasture throughout the 
season from mid-May to mid-November each year . Put-and-t ake steers were added 
or removed to control the degree of util izat i on by visual estimate t o  les s  than 
35%  of t he current forage product i on removed under light grazing , 45 to 55%  
under moderate and over 6 0% under heavy grazing . S ince 196 0 ,  ut i lization has 
been near the upper limit of t he planned rate. Steers have access t o  trace 
minerali zed s alt and a 1 : 1 mixture of dicalcium phosphat e and salt. Stocking 
rates and gain per acre by grazing t reatment , rep and year are s hown in table 2 .  
In every year except t he dry year of 196 1 gain per acre was highest under heavy 
grazing . However , maximum gain per acre does not necessarily mean maximum net 
return per acre since such t h ings as range deterioration ,  animal connected costs  
and individual animal values are not cons idered . 
Summer s teer gains for different periods under different intensit ies of 
summer grazing for experiment l ( 1960 ) , experiment 2 ( 1961  and 1962 ) and 
experiment 3 ( 19 63 )  are shown in tables 3 ,  4 ,  5 and 6 .  S ince steer gains decline 
rapidly in t he fall , summer and yearlong average daily gains are s hown to three 
different weigh dates in each t able. 
In experiment l ( 196 0 )  the s teers on light and moderat e grazing gained 
signi fi cantly more than those on heavy grazing , but the difference between light 
and moderate grazing was not s ign ificant. This suggests that the lat ter two 
groups of st eers had plenty of good quality forage while those in heavy grazing 
did not . During late Augus t the range began t o  cure on the uplands but rema ined 
green in the draws and grazing was concentrated on the green areas . In September 
and October steer gains appeared to be closely related to the acreage of draws 
in each pasture rather than to the grazing intens ity . Thus , summer and yearlong 
gains t o  October and November in heavy grazing rep l with a large acreage of draw 
were equal to or h igher than moderate grazing rep 2 with a smaller acreage of 
draw or than moderate grazing rep l which has no draw at all .  
In subsequent years , s oybean oil meal was fed every other day a t  the rate 
of l pound per head dai ly t o  steers in all pastures as s oon as the range began t o  
turn brown . Supp lementation was begun August 10 in 1 96 1 ,  August 8 in  196 2 and 
August 9 in 1 9 6 3 .  
I n  exper iment 2 ,  summer steer gains were 1/2 t o  3/4  lb . per head dai ly 
higher in the relatively good year of 1962 than in the dry year 1961 ( t able 4 ) . 
Heavy graz ing reduced steer gains t o  each fall wei gh date much more in the dry 
summer of 1961  t han in 196 2 .  This year x summer grazing treatment effect was 
als o  s ignificant in the yearlong steer gains to each fall date . 
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In experiment 3 ( 1963 ) differences in summer gain to  September were not 
s ign ificant. However , summer gains to October and November and yearlong gains 
to October were much lower for the steers in moderate grazing rep l than in 
rep 2. In fact , steer gains for moderat e grazing rep l for these periods did 
not differ significantly from heavy grazing rep 1, whereas differences between 
moderate and heavy grazing in rep 2 were quite large. The different effect of 
grazing treatment in the two reps was probably due to range s ite differences 
in the pastures , especially the absence of draws in moderate grazing rep l and 
the large acreage of draws in heavy grazing rep 1. 
During the three years of protein supplementation in late summer and fall ,  
there was a reduction in the differences in  steer gains due t o  s ite differences 
between pastures. However , even with protein ,  phosphorus and trace mineral 
supplementation , ste er ga ins dropped sharply as t he range cured. In 1962 steers 
made exce llent gains on all pastures until  the range began to cure in August. 
The condition of the steers declined rapidly during September and on September 19 , 
the soybean oil meal was increased t o  2. 5 lbs. per head every other day and 50  
grams of dicalcium phosphate was mixed with  it. Nevertheless , even in  light 
grazing , ga ins declined from an average of 2. 16 lbs. per head daily in July to 
1. 86 in August ,  1. 12 in September and to  -0. 36 during October and early November. 
The decline in steer gains aft er curing was accentuated by the decrease of 
western wheatgrass and other cool season grasses which has occurred s ince 195 9. 
These  data suggest that the alternatives to  fall grazing on native range 
with steers should be carefully considered. Early sale , supplemental cool season 
t ame pasture , harvested roughages , windrowed hay , or possibly in the fut ure , 
chemically cured standing grass may be suitable alternatives. 
The stocking rate used on the moderately grazed pastures appears to have 
resulted in a greater degree of forage utilization than desired. However , t he 
precise measurement of ut i lization has been very difficult on these ranges .  
Effect of Level of Winter Supplementation on Steer Gains 
Steer calves were purchased after weaning in the fall and winter grazed 
on native range deferred for winter use. Hay was fed only rarely when snow 
cover prevented the calves from getting enough forage. The winter supplements 
were all mixed from soybean oil meal and corn. Vitamin A and dicalcium phosphate 
were added to all supplements to meet the requirements for vitamin A and 
phosphorus. Trace mineralized salt was available except in 1959-60 when cobalt 
administrat ion was one of the treatments. The steers were weighed monthly aft er 
an overnight shrink. 
Experiment .!_ ( 195 9-60 )  
The obj ectives o f  this e xperiment were : 
1 )  t o  compare steer calves wintered on the range with a supplement to  
those  wintered in  drylot , 
2 )  t o  compare the performance of calves receiving a cobalt bullet with 
those receiving none , 
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3 )  t o  study the effect of 2 planes of winter nutrit ion on summer and 
yearlong steer ga ins. 
One hundred s i xty grade Hereford steer calves were allotted by restri cted 
randomization considering weight and ori gin to different groups for wintering 
and summer grazing .  
A .  Range-Drylot Comparison 
Forty calves were grazed on the range and 80 were fed different 
proportions of alfalfa and prairie hay in 8 lot s .  Both  groups were 
placed on an adaptation supp lement for 30 days begi nning N ovember 3 0 .  
Th is supplement contained 2 0 %  t otal protein , trace minerals and 
vitamin A ,  Half of each group received 300  mg.  of aureomycin per 
head daily , The weather was good and there was no s ickness in either 
group. The difference in winterlong average daily gains of the range 
calves fed ant ibiotic ( . 9 8 lbs . ) and those fed no anti biotic  ( . 94 lbs . ) 
was small and not s ignificant . After the first 30  days t he calves on 
the range received 2 1/2 lbs. per head daily of a 40 percent protein 
supp lement until  April 2 7. They gained . 98 lbs . per head da ily during 
the entire winter ( inc luding the adap tat ion period ) .  One lot of calves 
in drylot gained the same amount ( 0 , 9 8 lbs . )  dur ing the same period and 
ate 12. 9 lbs. per head daily of a mi xture of 70% alfalfa and 30% prairie  
hay fed free choice . With  alfalfa hay at  $25  per t on and prairie hay 
at $2 0 ,  the drylot rat ion cost  15 . 2  cents �er day per steer while t he 
protein supplement at $80  per ton cost 10 cents per day . If the labor 
and fi xed costs were equal , the range was worth about 5 , 2  cents per 
steer per day or about $2 . 60 per animal unit  per month .  If the labor 
and fixed costs were less for range grazing , then the value of t he 
range would have been greater . 
B. Cobalt Bullet Comparison 
Half of the steers wintered on the range and half of those 
wintered in Brookings ( Part C below ) were given a coba lt bullet in 
mid-winter . Differences in rate of gain for cobalt and no cobalt 
groups during the winter and summer were small and not significant . 
Although there was a s i gn ificant rep x cobalt interact ion for summer 
gains t o  Seotember 1 ,  t he differences did not appear t o  be biologically 
meaningful . 
c .  Plane of Winter Nutriti on Study 
Forty calves were trucked to Brookings after allotment and 
wintered on brome-alfalfa hay , free choice,  with 4 lbs . per head dai ly 
of equal parts rolled oats and cracked corn and given 5 grubicide 
treatments from December 15 to March 19 . After March 19 the grain in 
the ration was gradually reduced t o  2 lbs . and 32 ca lves ( 4  lots which 
did not differ si gnificantly in rate of ga in ) were t rucked back t o  
Cottonwood Apri l 26 . Grain feeding was st opped and they were grazed 
with the range calves unt il placed on t he intensity of summer grazing 
pastures on May 13 . The average dai ly gain whi le on feed in Brookings 
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was 1. 8 5  lbs. , but the gain from allotment to  summer pasture was 
only 1. 13 lbs. per head daily. The ran8e calve s gained 0. 96 lbs. 
per head daily , s i gn ificant ly les s  ( P .L.... 01 )  during the same period. 
The Brookings calves  were much mel lower and softer than the range 
calves. The range calve s on all grazing rates gained slightly , 
but not si gn ificantly , fas ter than the Brook ings calve s during the 
summer. Yearlong gains from fa ll to November 14 were . 8 3 lbs. per 
head daily for the Brook ings calves and . 7 8 lbs. for the range calve s. 
Likewise , yearlong eains to t he Sentember and October we igh dat es did 
not differ significantly. 
Experiment 3_ ( 1960-6 1 and 1961-6 2 )  
The obj ectives  of this  e xperiment were : 
1 )  t o  como are t he winter gains of steer calve s fed supplements containing 
different levels of prote in with the same level of energy , 
2 )  t o  study the e ffect of different leve ls of protein in  the supplement 
on summer and yearlong ste er gains. 
Each fall  5 4  steer calves were allotted by re stricted randomization to  18 
groups of 3 calve s  each which were assiened at random to 3 leve ls of protein, 
3 summer grazing intens ities in 2 replicat ions. The 3 winter treatments were 
2 1/2  lbs. per head daily of a supplement containing 14 , 27 or 40% t otal prote in 
to suoply 1/3 , 2 /3  or l lb. of total prote in. This supplement was fed daily 
until  greenup ( April 11 in 1961 and April 19 in 1962 ). The calves  were grazed 
in 3 groups and rotated between pas tures biweekly or weekly to minimize pasture 
differences. After e xperimental feeding was discontinued t he cattle were run 
together and treated a like unt i l  placed on the summer intensity of gra zing 
pasture s .  In 1961-62  snow cover made it impos s ible for the calve s  to get 
suffic ient forage. Consequently , a partial fe ed of hay ( average 5. 5 lbs. per 
head daily ) was given to all lots for 2 9  days. No hay was fed in 196 0-61. 
The effect of leve l of winter prote in supp lementation on the average daily 
gains of the calves for various p eriods in  the two years is  s hown in table 7. 
During the period from fall to gre enup , total protein in the supplement 
restri cted the gain of the low protein Eroup to about 1/3 lb. per head dai ly. 
Two-thirds oound of total protein was adequate t o  support gains of about 2/3  
pound per head daily. Increas ing the  amount of  prot ein in  the supplement to  
one pound per head daily d id not re sult in  a s ignificant increase in dai ly gain. 
At the higher prote in leve l ,  the energy content of the rat ion apparently 
limited the ga in. Steers fed the higher leve ls of protein appeared bright er , 
more alert and more active. However , the low protein group was thrifty and 
showed no real symptoms of distres s. 
The steers gained s lightly more the first year t han the second year ( P .(.. OS )  
and in the s econd year the l lb. total prote in level produced s light increases 
in gain over the 2/3 lb. leve l. However , these gains were not si gn ifi cantly 
different. These data sugge st  that the forage produced in 1961 during a drought 
period ( table 1 )  may have been lower in total protein and energy value than 
that produced in the re latively good year , 196 0 .  Thi s  is also suggested by the 
low steer gains in 1961 ( table 4 ). 
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During the period between greenup and summer pasture the steers on the low 
protein s upplement gained s ignificantly more than the ot her two groups , thus 
reducing the difference between treatments in rat e of gain  from fall to summer . 
Over both years the low protein supplement produced gains of . 5 8 lbs . per head 
daily , s ignificantly lower than the 3/4 pound gains of the groups fed the higher 
protein supplements . Weight compensation was so great in 1962 that the winterlong 
gai n  of the low protei n  group did not differ s i gnifican tly from the two groups 
fed the higher protein supplement . 
On summer pasture weight compensati on continued t o  occur with the low 
protein group gaining about . 1  to . 2  lbs . more per head daily then the other 
groups . This difference was not significant for summer gain to September but was 
for summer gain to October and November . Yearlong  gains t o  all 3 fall weigh 
dates in both years were very simi lar regardles s of winter treatment. 
The effect of winter treatment on summer gain or yearlong gain did not 
differ s ignificantly under different intensit ies of summer grazing. 
From these data we may conclude: 
1 .  I n  these two years 2/3  pound of t otal protein con tained i n  2 1/2 
pounds  of concentrate feed ( soybean oil meal , corn and dicalcium 
phosphate)  was adequate to  support about 2 / 3  lb. daily gain on s teer 
calves grazed on nat ive range in the winter . 
2 .  I ncreasing t h e  amount o f  total protein without increasing the t otal 
supplement did not result in  s ignificantly increased steer gains. 
3. Steer calves wintered to  gain 1/3 pound per head da ily did not 
differ significantly in yearlong gains from calves fed to gain 
2/3 to 3/4 lb. , regardless  of whether the terminal date was the 
September , October or November weigh date. 
Experiment 3 ( 1 962-6 3 )  
The obj ectives of this experiment were: 
1 )  to compare the winter gains of steers fed different amount s of 
supplemen t but equal amounts  of t otal prote in , 
2 )  t o  s tudy the effect of different amounts  of supplement on summer 
and yearlong steer gains. 
Calves were purchased in November and allotted as  in experiment 2 to  3 levels 
of winter supplementation , 3 summer grazing intensit ies , and 2 repli cat ions . 
The 3 levels of winter supplementat ion were l 1/2 , 2 1/2  and 3 1/2 lbs .  of t otal 
supp lement con taining 2/3 pound of t otal protein. Total protein percentages in 
the supplement of 4 4 ,  27 and 19% for the low , intermediate and high levels of 
supplementation , respect ively , were obta ined by subst ituting corn for soybean 
oil meal .  Thus , the energy concentration in each supplement was very s imi lar. 
Supplementat ion was begun December 7 .  The high supp lement group went on feed 
more s lowly than the other 2 groups. 
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The effect of amount of  winter supplementati on on ste er gains for various 
periods is shown in table 8. Although the calves fed the higher rate of 
supplement gained significantly more to greenup ( . 66 lbs. per head daily ) than 
those fed the intermediate ( . 53  lbs. ) or the low level ( . 49 lbs. ) ,  the differ­
ences were quite small and suggest that whi le steers respond to supplements of 
both protein and energy the most crit ical need is for prot ein. The kind and 
amount of supplement fed to  the intermediate group was the same that was fed 
to the intermediate protein level group in 1960-61 and 1961-62. The steers on 
this treatment gained . 5 3 lbs. per head dai ly compared with . 5 9 lbs. in 
1961-62. 
From greenup t o  summer pasture the gains were not inversely proportional 
to previous gains as they were in experiment 2. Instead the calves fed the 
intermediate amount of supp lement gained significantly more ( nearly 1/2 pound 
per head daily ) than the high or low supplement groups. Consequently ,  the 
winterlong ga ins of the intermediate group approached that of the high group 
and did not differ significantly from it. 
There was no trend t oward compensation on summer pasture as there was 
in experiment 2 ,  but there were n o  si gn ificant differences in summer or 
yearlong steer gains due t o  winter treatment. 
This experiment is being repeated in 1963-64. However ,  in this trial 
there was no advantage in summer or yearlong steer gains from providing more 
feed than 1 1/2  pounds of a 44% protein supplement. Also, it appears that in 
order to get winter gains of rrore than about 1/2 t o  2 /3  lbs. per head daily 
efficient ly from steer calves on winter range , more than 2/3  pounds of total 
protein is ne eded in the supplement .  
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Table 1. Precipitation and Evaporation at t he Cottonwood Range 
Field Station 195 9 t hrough 1963 
5 year 
1 95 9  196 0 1961 1962  1963 mean 
Annual 15. 5 3  1 5  . 18 14. 0 8  14. 92  17. 37  15. 42 
DepartureY + . 40 + • 05 - 1. 0 5  . 21 + 2. 24 + . 2 9  
Cool season3/ 8. 05 11. 25 6. 52  9. 60  10. 1 9  9. 1 2  
Departure • 77  + 2. 43 - 2. 30 + . 78 + 1. 37  + . 30 
Warm seasoti.Y 3. 78  7. 0 2  5. 95 6. 20 6. 88  5. 97 
Departure - 2. 5 2  + . 72 . 35 . 10 + . 5 8 . 3 3 
Veget ation year':!! 11. 8 3  18 . 27 12. 47 15. 80 17 , 07 15. 0 9  
Departure - 3. 30 + 3 , 14 - 2. 6 6  + , 67 + 1. 94 + . 06 
March + April 1. 46 2. 17  1. 49  1. 2 9  1. 92 1. 67  
Departure - 1. 02  . 31 • 99  - 1. 19 . 56 . 81 
September + October 3. 35  0. 5 6  2. 68  2 .  0 2  2. 06 2. 13 
Departure + 1. 34  - 1. 45 + , 67 + , 01 + . o s + . 12 
Evaporat io0 6 0  5 3  54  5 0  5 5  54  
1/  Current minus long-term average , 
2/ Preceding September t hrough May of current year , 
3/ June , July and August of current year. 
4/ Preceding September through current August. 
5/ Evaporation in inches from open pan April through September. 
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Table 2 .  Effect o f  Grazing Treatment and Year on Stocking Rate and Gain Per Acre 
Cottonwood Range Field S tat ion , 195 9-60 through 1962-63 
Summer Grazing Intensity 
Heavy Moderate 
Year!/ Measure Rep 1 2 Mean 1 2 Mean 
195 9-60 Stocking rate ,  AUM ' s /acre . 68 . 62 . 65 . 3 7  . 39 . 38 
Gain/acre , lb.  17 . 6  6 . 2  11 .  9 7 . 2  9 . 1  8 . 2 
1960-61 Stock ing rate , AUM ' s /acre . 63 . 56 . 5 9 . 34 . 35 . 34 
Gain/acre , lb . 11 . 1  5 . 8  8 . 3  11 . 7 12 . 9  12 . 2  
1961-62 Stocking rat e ,  AUM ' s /acre . 5 6  • 49 • 5 2 . 3 1 . 34 . 3 3 
Gain /acre , lb. 2 9 . 0 2 4 .  5 26 . 6  16 . 9  1 8 . 9 19 . 1  
1962-63 Stocking rate , AUM ' s /acre . 5 9  • 36 . 48 . 28 . 30 • 29 
Gain /acre , lb . 20 . 2  15 . 2  17 . 5  10 . l  13 . 4  1 1 .  7 
1/ Prote in supplement was fed in late summer and fall except in 195 9-60 .  
w 
-..J 
1 
. 32 
10 . 3  
• 25 
12 . 8  
. 2 5 
15 . 9  
. 2 2 
11 . 5  
Light 
2 Mean 
. 32 . 32 
13 . 4  11 .  8 
• 27 • 26 
13 . 4  13 . 1  
• 25 . 2 5 
13 . 7  14. 8 
• 22 • 22 
12 . 4  12 . 0  
Table 3 .  Experiment 1. Effect of Int ens ity of Summer Graz ing on Average Da ily 
Ga.ins of St eers to Different Fall Dat es ( Across winter treatments ) 
Cot tonwood Range Field Station 195 9-6olf � 
Summer Grazing Intensity _ 
Period Rep Heavy Moderate Light Mean 
Summer , May 13 to Sept. 1 1 1. 42 1. 70  1. 77  1. 6 31 
2 1 . 34 1. 6 4  1. 6 9 1. 551 
Mean 1. 37 B 1. 67A 1. 7 3A 1. 5 9  
Summer , May 13 t o  Oct .  1 l 1. 22 b 1. 1sbc l . 5 sa 1 . 33 1 
2 . 95 c 1 . 34b l. 60a 1. 3 01 
Mean 1 . 0 9 l .  26  1. 5 9  1 . 3 1 
Summe r ,  May 13 to  Nov. 9 1 • 5 obc • 44C . 1 5
b . 6 01 
2 . 24d . 5 4c • 97a . 5 01 
Mean • 42 . 49 . 86 . 5 9 
Yearlon g ,  N ov. 27 to Sept. 1 1 l.  20 1 . 33  1. 32 1 . 201 
2 1. 14 l. 28  1.  29  1. 241 
Me an 1 . 17 B 1. 30A l . 3 1A 1. 26 
Yearlong , Nov . 2 7  to Oct .  1 l 1. 13e 1. 13c l. 3la 1. 181 
2 . 99d l. l7bc l. 2 5ab 1. 15 1 
Mean l. 06 1. 15 1 . 28 1 . 16 
Yearlong , Nov . 27 to Nov. 9 l . s2bc . 75 c . 89a . 02 1 
2 . 6ld • 7 8C . 99
a . 791 
Mean • 7 2  . 76 . 94 . 8 1 
1 / Ten steers in each grazing intensity in each rep . 
2/ Values for t he same period which have the s ame letter de s i gnation do not 
differ s ignifi cantly at t he 5% leve l according to Duncan ' s  Multiple Range 
Test. Only those gains with t he s ame kind of superscript , i . e .  small 
letters , capital letters , or numbe rs , s hould be compared. Summer grazing 
treatments are compared by reps only if there is a s i gnificant rep x summer 
grazing treatment interaction. 
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Table 4. Experiment 2. Effect of Intensity of Summer Grazing on Average Daily 
Gains of Ste ers to Different Fall Dates in Two Ye ars 
(Across wint er treatments and replications ) 
Cottonwood Range Field Stat ion 1 960-61 and 1 96 1-6 2.!./ 
Summer Grazing Intensity 
Period Year Dates Heavy Moderate Light Mean 
Summer to Sept. 60-61 5 / 16-9/1 1. 08 1. 27 1. 39  l. 25 
61-6 2 5/ 23-9/1 1. 81 1. 97 2. 08 1. 95 
Mean 1. 45 1. 62 1. 74  1. 60 
Sullll'ller to Oct. 60-61 5 / 16-1 0/3 . 75 e 1. 10d 1. 45c 1. 10 2 
61-62 5/23-10/2 l. 6 0b l. 69b 1. 04a 1. 711 
Mean 1. 10c l. 40B 1. 65A 1. 41 
Summer to Nov. 60-61 5/16-1 1/4 • 34e . 04d l. 16c 
• 7
02 
61-6 2 5/23-11 /6 1. 2 obc 1. 20ab l. 38a 1. 2 91 
Mean • 77C l. 06 B 1. 21A 1. 03 
Fall to Sept. 60-61 11/ 19-9/1 . 84 . 93 • 96 • 911 
61-62 11/24-9/1 1. 07 l. H 1. 18 1. 131 
Me an . 96 1. 04 1. 07 1. 02 
Fa ll to Oct. 60-61 11/ 19-10/3 
• 
7 2 e . 0 9d 1. 03c . 001 
61-62 11/24-10/ 2 1. 05bc 1. 11ab l. 17a 1. 11 2 
Mean . 89 1. 00 1. 10 1. 00 
Fall t o  Nov. 60-61 11/19-11/14 . s1d . 10c . 94b . 74 2 
61-62 11/24- 11/6 • 9 2b • 97ab 1. 02 a • 971 
Me an . 72 . 8 8  . 98 • 86 
1 / Eighteen steers in each grazing intensity 1960-61 and in 196 1-62 except in 
light and moderate grazing there were 17 and in heavy grazing there were 
only 17 after the October weigh day. 
2 / Values for the same period with the same superscript do not differ signifi­
cantly at the 5% level according to Duncan ' s  Multiple Range Test. Only those 
gains with the same kind of superscript , i. e. small letters , capital letters , 
or numbers , should be compared. Summer treatments are compared by years 
only if there is a significant year x summer treatment int eraction. Summer 
treatments across years are not compared and no superscripts are used if there 
is a significant rep x summer treatment interact ion. For these comparisons 
see table 5. 
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Table 5 .  Experiment 2 . Effect of Intens ity of Summer Grazing in Two Replic at ions 
on Average Daily Gains of Steers to Different Fa ll Dates 
( A cross winter treatments and years ) 
Cottonwood Range Field Stat ion 1 960-6 1 and 196 1-6 2.!/ 2 / 
Peria�/ 
Summer Grazing I nt ensity 
Rep Heavy Moderat e  Light 
Summer to September l l . 48b l .  1 oa l .  1oa 
2 l . 4lb 1 . 5 3b l .  77 a 
Mean 1 . 45 1 . 6 2 l .  74  
Summer to  October l 1 . 45 1 . 45 1 . 66  
2 1 . 09
c 
1 . 34 1 . 6 4 
Mean 1 . 18 1 . 40B l . 6 5A 
Summer to November l . 8 2 1 . 03 1 . 3 2 
2 . 71 1 . 08 1 . 23 
Mean • 77C l . 06B 1 . 27A 
Fal l  to September l 1 . o o b 1 . 1oa l .  04ab 
2 • 91 c . 98bc 1 . 11 a 
Mean • 96 l . 04  1 . 07 
Fall to October l • 95b 1 . 05a l .  o 8a 
2 . 0 2c • 95 b l . 1 2a 
Mean . 89 1 . 0 0 1 . 10 
Fall  to November l • 7 8C . 8 9b • 99a 
2 . 6 6d . 86 b • 98 a 
Mean . 7 2 . 8 8 . 98 
1/ Eighteen steers in  ea ch grazing intensity in each rep except 17 each in 
li ght rep 1 , moderate rep l and 17 in  heavy rep l after October . 
Mean 
1 . 6 3 1 
1 . 5 7 1 
1 . 60 
1 . 46 1 
1 . 36 2 
1 . 41 
1 . 06 1 
1 . 0 11 
1 . 03 
1 . 00 2 
1 . 05 1 
1 . 02 
1 . 031 
• 95 2 
l .  00 
. 88 1 
. 83 2 
. 86 
2 / Values for the same period with the same superscript do not differ s ignifi­
cant ly at t he 5%  level according to Duncan ' s  Multiple Range Test .  Only 
those gains with the same superscript , i . e .  sma ll let ters , capital letters , 
or numbers , should be compared . Summer grazing treatments are compared by 
reps only if t here i s  a signifi cant rep x summer grazing treatment interact ion .  
3/  For dates see table 4 .  
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Table 6 .  Experiment 3 .  Effect of Intens ity of Summer Graz ing on Average Dai ly 
Gains of Steers to Different Fall Dates ( Across wi?ter treatments ) 
Cottonwood Range Field Stat ion 1962 -631 3/ 
Period 
Summer , May 21 to Sept . 4 
Summer , May 2 1 to Oct .  2 
Summer , May 2 1 to  Nov .  5 
Yearlong Dec . 7 to  Sept . 4 
Yearlong Dec . 7 to Oct .  2 
Yearlong Dec . 7 to Nov . 5 
Rep 
1 
2 
Hean 
1 
2 
Mean 
1 
2 
Mean 
1 
2 
Hean 
1 
2 
Mean 
1 
2 
Mean 
Summer Graz ing Intens ity 
Heavy Moderate Light Mean 
1 . 34 
1 . 35 
l . 35A 
1 . 15b 
• 97c 
1 . 06 
. aoc 
• 73c 
. 76 
1 . 01 
• 96 
. 988 
. 96b 
• a2c 
• 89 
• 80 
. 71 
• 7
6A 
1 . 44 
1 . 43 
l . 43A 
l . 14b 
l . 36a 
1 .  25 
1 . 06 
1 . 01 
1 . 03AB 
• 95b 
1 . 0 2ab 
. 99 
. 83 
. 89 
. 86A 
1 . 74 
1 . 5 9  
1 . 67A 
l . 48a 
1 . s oa 
1 . 49 
1 . 2oa 
l . 2 9a 
1 . 2 5 
1 . 17 
1 . 06 
1 . 12A 
1 . 0 2 
1 . 00 
1 . 0 lA 
1 . 51 1 
1 . 441 
1 . 48 
1 . 2 61 
1 . 201 
1 . 27 
. 9 51 
1 . 0 2 1 
. 98 
1 . oa1 
1 . 01 2 
1 . 04 
1 . 0 11 
. 97 1 
. 99 
. a a1 
. 011 
. 8 8 
1/ Nine steers in each summer grazing treatment in each rep except 8 steers in 
heavy grazing rep 2 . 
2 / Values for the same pericxi which have the same superscript do not differ 
s ignificantly at the 5 %  level according to Duncan ' s  Mult iple Range Test . 
Only those gains with the same kind of superscript , i . e .  small letters , 
capital letters , or numbers , should be compared . Summer treatments are 
compared between reps only if there is a significant rep x summer treatment 
interact ion . 
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Table 7 .  Experimen t 2 .  Effect of Level of Winter Protein Supplementation on the 
Average Daily Ga ins of Steer Calves For Different Periods in Two Years 
( Acros s summer treatment s and reoli cat ions ) 
Cottonwood Range Field Station 1960-61 and 1961-62!/ ll 
Period 
Fa ll t o  greenuo 
Greenup to summer 
Fa ll to summer 
Summer to September 
Summer to October 
Summer t o  November 
Fall to September 
Fall to October 
Fall to  November 
Year 
6 0-61 
61-62  
Mean 
60-6 1 
61-62 
Mean 
60-61  
6 1-62  
Mean 
60-61  
61-62  
Mean 
60-61  
6 1-62  
Mean 
60-61  
6 1-62  
Mean 
60-6 1 
6 1-62  
Mean 
60-61 
6 1-62  
Mean 
60-61  
6 1-62  
Mean 
Dates 
11/19-4/11 
11/24-4/19  
4/12-5 /16 
4/20 - 5 / 23 
11/19 - 5 /16 
11/ 24-5 /23  
5 /16-9/1  
5 /23- 9/1  
5 / 16-10/3  
5 /23- 10/2  
5 /16-1 1/14 
5 /23-11/6 
11/19-9/1 
11/24- 9 /1 
11/1 9-10 /3 
11/24-1 0 /2 
11 /19-1 1/ 14 
11/ 2 4-11 /6 
Winter Treatment : Ra nge graz ing 
plus 2 1/2  lbs . per head daily 
of a supplement containing 
total protein of : 
1/3  lb . 2 / 3  lb . l lb . Mean 
1 . 5 6 
1 . 8 2  
l . 6 9A 
1 . 3 8  
2 . 00 
1 .  5 9A 
l .  23  
1 .  7 9  
l . 5 1A 
. 88 
l .  34  
l . llA 
• 86 
1 . 12 
. 99A 
. 8 5 
1 . 11 
. 98A 
. 7 2 
• 96 
. 84A 
. 91 
1 . 5 2  
l . O lB 
l .  26 
l. 93 
l . 6 0A 
1 . 13 
1 . 7 0  
l . 41B 
. 80 
1 . 3 1  
1 . 06B  
• 97 
1 . 13 
1 . 0 5A 
• 94 
1 . 11 
1 . 02 A 
. 80 
. 9 9 
• 90A 
• 96  
. 94 
. 9s B 
1 . 11 
l .  9 2  
1 .  5 2A 
. 94 
l . 6 6  
l . 30C 
. 64 
l .  21 
. 93c 
• 91 
1 . 15 
1 .  03A 
. 85 
1 . 12 
• 99A 
. 7 1 
. 96 
. 84A 
1 . 141 
1 . 2 91 
l .  22 
• 71 l 
. 67 1 
. 6 9  
1 . 2 5 1 
l .  95 1 
1 . 60 
1 . 101 
l .  7 12 
1 .  41 
• 7 9 1 
l .  292 
1 . 03 
. 91
1 
1 . 131 
1 . 0 2  
. ss1 
1 . 112 
1 . 00  
. 74 1 
. 97 2 
. 86 
1 / Eighteen steers in  eac h winter treatment in 1960-61 and in 1961-62  except in 
the 2/3  lb. total protein group there were 17 steers at all periods t hrough 
October and 16 in November . After going on summer nas ture there were only 
17 steers in the 1/3 total protein group . 
2/  Values for the same period whic h have t he same superscript do not differ 
significantly at the 5%  level according to Duncan's Multiple Range Test . 
Only those gains with  the same kind of superscriot , i . e .  small letters , 
capital letters , or numbers , should be comparQd.  Winter treatments  are 
compared between years only if  there is a significant year x winter treatment 
interaction .  
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Table 8. Experiment 3. Effect of Amount of Winter Supplementation on the 
Average Daily Gains of Steer Calves for Different Periods 
( Across summer treatments and replications ) 
Cottonwood Range Field Station 1962-63!/ !./ 
Wint er Treatment : Range grazing plus 
2/3  lbs. of total protein contained 
in tot al supplement : 
Period 1 1/ 2 lbs. 2 1/2  lbs. 3 1/2 lbs. Mean 
Fall ( Dec. 7 )  to gre enup ( Apri l  26 ) . 49b . 53b . 66a . 56 
Greenup to  sununer pasture ( May 21 ) l. 81b 2. 28a 1. 82b 1. 97 
Fall to summer pasture . 67b . 79a . 83a • 77  
Summer to September 4 l. 5 la l. 44a 1. 5 oa 1. 48 
Summer to October 2 '}_! 1. 2 9  1. 24 1. 2 8  1. 27 
Summer to November 5 . 98a . 96a 1. ooa . 99 
Yearlong ( Dec. 7 )  to September 4 1. 01a 1. 04a l. 08a 1. 05  
Yearlong to October 2 . 95a . 99a l. 03a • 99 
Yearlong to November 5 • 8 2a . 88a 
• 
92a • 88  
1/ Eighteen steers in each winter treatment except only 17  in the 1 1/ 2 lb. 
group after going on summer pasture. 
2/ Values for the same period which have the same superscript do not differ 
s ignificantly at the 5 %  leve l according to Duncan ' s  Multiple Range Test. 
3/ The rep x winter treatment interaction was significant at the 5% level. The 
means s eparated by Duncan ' s  Mult iple Range Test are as follows : 
Rep 1 1/2 lbs. 2 1/2 lbs. 3 1/2 lbs. 
1 1. 2ob 1. 29ab l. 3oab 
2 l. 39a 1. 2 ob 1. 26b 
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MINERAL SUPPLEMENTS AND BACITRACIN IN WINTERING AND FINISHING 
RATIONS FOR CATTLE 
L. B. Embry, J .  E. Nesvold, L. J .  Nygaard and G. F. Gas tler 
(This report is taken from Animal Science Department report AS 64-13 ) 
These experiments are a cont inuation of a serie s  be gun a few years ago 
to test methods of mineral supplementation and types of mineral supplements 
for cattle fed various kinds of rations. Supplying the required amounts of 
mineral e lements in catt le rations is a complex problem. Several mineral 
elements are required , the amounts depending on factors such as age , s ize , 
type of production and rate of production. The content of various mineral 
e lements in feeds vary widely and the feeds may be offered in a large number 
of combinations and amounts. 
Fortunately there is  a rather wide range between the minimum needs and 
the toxic levels for most minerals. A common recommendation is to offer 
mineral s upplements free-access. This recommendat ion is based on the assumpt ion 
that the animals will consume adequate amounts ,  but not too much , when 
supplemented in this way. Experimental evidence for this recommendation is 
rather meager ,  but observations under practical condit ions indicate that 
free -access to mineral supplements is a sat isfactory method. More informat ion 
is  neede d ,  however , on the importance of the kinds of mineral supplements to 
offer with various types of rations. 
These  experiments were des igned to compare types of mineral supplements 
offered on a free access  basis  with wintering and finishing rations. An 
antibiotic , bacitracin , was used to test its value with the various rations. 
E XPERIMENT 1 - Prairie Hay Wintering Rat ions for Calves 
Procedure 
Ninety-six Hereford steer calves were used in this experiment and allotted 
to  the treatments shown in table 1. The calves were purchased at a nearby 
auction market and from a local rancher. They had been at the station from 2 
to 4 days prior to being put on the experiment. 
The e xperimental rations consisted of a full feed of prairie hay and 2 lb. 
of protein supplement. Four mineral supplementation treatments were used as 
shown in table 1. One lot of calves rece iving each mineral treatment was fed 
bacitracin in the protein supplement , 
The protein supplement s contained about 40% protein. Those without added 
minerals were composed of 87% soybean meal ( 44% protein )  and 13% ground shelled 
corn. The supplements with the added minerals were composed of 90% soybean 
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meal , 6% trace mineral salt and 4% dicalcium phosphate. When bacitracin was 
used , it was added to the supplements at levels to furnish 350  mg. daily of 
bacitracin for the first 28 days of the experiment and then 35 mg. daily for 
the remainder of the 157-day experiment. A bacitracin premix replaced an equal 
weight of soybean meal in the protein supplements. 
The calves had access to sheds with the hay being fed ins ide. The free­
access mineral supplements were supplied in mineral boxes ins ide the sheds . The 
hay and supplements were fed once dai ly. All the calves were treated for the 
control of grubs. Initial and final weights were taken after an overnight 
stand without feed and water. The results are presented for the calves finishing 
the trial. Two losses occurred and feed consumption was adj usted hy deducting 
an average amount of feed for the t ime each calf was on the experiment. 
Results  
Results of  the experiment are presented in  table 1. 
The mineral supplementation treatment s did not appear to affect the 
performance of the catt le. Consumpt ion of the free-access mineral supp lements 
was low ; and except in one instance , total consumption was similar for the 
different supplements. The low consumption in comparison to the calves force-fed 
the minerals in the protein supplement did not affect performance during the 
experiment. Apparently thi s low intake was adequate to supplement that 
contained in the hay and protein supplement for gains of about 1 lb. daily. 
The gains made by the calves fed bacitracin were about the same as for 
those fed the protein supplements  without this ant ib iotic. This was also true 
at 2 8  days when the 3 5 0  mg. daily level was changed to 3 5  mg. Several calves 
showed symptoms of the shipping fever complex during the first few weeks of the 
experiment , and bacitracin did not appear to reduce the incidence. Apparently 
bacitracin was not beneficial in this experiment at the levels fed. 
The average feed requirement in this experiment was 1104 lb. of prairie hay 
and 184  lb. of protein supplement per 100 lb. of gain when the calves made an 
average daily gain of about 1. 1 lb. Feed cost for wintering with these rations 
can be est imated using these feed requirements  and current feed prices. The 
costs have been calculated and presented in table 1 for this experiment. 
EXPERIMENT 2 - Corn Grain and Corn S ilage Finishing Rations 
Procedure 
The Hereford steers used in thi s experiment were taken off native range and 
alfalfa-brome pastures and fed alfalfa-brome hay with a limited amount of 
concentrates for about 3 to 5 weeks prior to being put on the experiment. They 
were allotted to 6 lots of 10 each on the bas is of previous type of pasture and 
weight. The experimental rations when on full feed consisted of 2 0  lb. of corn 
s i lage , 2 lb. of protein supplement and a full feed of rolled shelled corn. 
Three mineral treatments were used as shown in table 2. 
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The protein supplements contained about 38% protein. The supplements 
without added minerals were composed of 80% soybean meal , 19% ground shelled 
corn , 0. 5%  urea and 0. 5 %  stilbestrol premix ( 5  mg. /lb. suppl. ). The supplements 
with added minerals were composed of 84% soybean meal , 6%  trace mineral salt , 
7. 5%  ground limestone , 1 . 5% dicalcium phosphate ,  0. 5%  urea and 0. 5% stilbes trol 
premix .  When bacitracin was fed , a bacitracin premix was used to replace an 
equal weight of the soybean meal,  It was added to  furnish 35  mg. of bacitracin 
per steer daily in 2 lb , of the protein supplements. 
The cattle were fed in outs ide lots without access to  shelter. After 
getting on full feed , they were fed once daily in amounts so  feed would be 
available at all t imes , The mineral supplements were offered in uncovered 
mineral boxes in the lots. When losses occurred , the feed cons umption was 
adj us ted by deducting an average amount of feed for the time each steer was on 
the experiment. 
Results 
Results of this experiment are presented in t able 2. 
There were s ome differences in rate of gain between treatments ,  but the 
results do not indicate any consistent advantage in favor of any mineral treatment 
or for bacitracin. These differences in rate of gain were not statistically 
s ignificant. There were also s ome differences between treatments in feed 
efficiency and carcas s grades , but they were rather incon s istent as was the rate 
of gain. 
When the mineral ingredients were included in the protein supplements ,  
they were added at levels to  furni sh rat i ons  with an estimated 0. 4% calcium , 
0. 3% phosphorus and 0. 5%  salt. Offering the mineral ingredients separately on 
a free-choice bas is resulted in a lower intake of salt and limestone but a 
greater intake of dicalcium phosphate than when force-fed in the protein supple­
ment .  Offering the mineral mixture composed of 40%  dicalcium phosphate ,  40% 
trace mineral salt and 20% limestone resulted in a reduction in consumption of 
· all ingredients in comparison to offering the individual ingredients separately. 
Apparently these differences in mineral intake had no influence on 
performance of the cattle. The results do show that the type of mineral supple­
ment offered free-access may have a large effect on the amount of minerals 
consumed. 
EXPERI MENT 3 - Corn Grain and Corn S ilage Finishing Rations 
Procedure 
Hereford steers were used in this experiment and they were taken off native 
range pasture in late fall. The procedures in conducting the experiment and the 
rations fed were the s ame as for Experiment 2 except for the level of corn 
s ilage fed. The cattle were started on 40 lb , of corn silage per head daily. 
The amount was reduced by 3 lb. per head daily to a level of 10 lb. and held 
constant for the remainder of the trial. 
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Result s 
Results of the e xperiment are presented in table 3. 
The rate of gain was about the same for the three lots fed the rations 
without bacitracin. Two lots fed the rations with bacitracin gained somewhat 
more than the steers fed s imi lar rations without the antibiotic. These 
differences between mineral treatments and bacitracin were not statistically 
s ignificant. However ,  the results obtained with bacitracin indicate that 
further work is needed with this antibiotic. 
The rations fed in this  experiment were composed of a smaller amount of 
corn s ilage and a larger amount of corn grain than in Experiment 2 ,  and t hey 
would be e xpected to be lower in calcium and higher in phosphorus. Offering 
the mineral ingredients separately on a free-choi ce bas is  resulted in a lower 
intake of salt and limestone but a higher intake of dicalcium phosphate as in 
Experiment 2. Consumption of the limestone was cons iderably higher in relat ion 
to consumption of salt and dicalcium phosphate than in Experiment 2. This 
indicates an abi lity of the cattle to adj ust intake of mineral supplements 
with rat ions varying in  concentration of the minerals. 
Lower total mineral consumpt ion occurred when the mineral mixture was 
offered with the reduct ion be ing greatest  for limestone because of the lower 
content of this  ingredient in the mixture. This reduct ion in mineral 
consumpt ion from the mineral mixture also occurred in the previous experiment. 
However , t he differences in consumpt ion encountered here did not appear to  be 
great enough to affect the performance of the cat tle. 
SUMMARY 
A wintering trial with calve s full-fed prairie hay and two finishing 
trials with steers fed corn silage and corn grain rations have shown that the 
type of ration and the type of mineral supplement offered free-access  affect 
the amount of mineral e lements consumed. Differences in amounts of salt , 
dicalcium phosphate and ground limestone consumed in these  experiments did not 
affect the performance of the cattle. It appears that free-access to mineral 
supplement s is a satisfactory way to furnish the mineral needs of catt le. 
However , more work is needed on the effects of rat ions and waters having high 
mineral content s  and of mineral supplements which may tend to unbalance rat her 
than balance the mineral content of the feeds and water. 
Performance of cattle did not appe ar to be improved when bacitracin was fed 
in a wintering rat ion at 350  mg. dai ly for 2 8  days and then at 35  mg. for the 
remainder of a 157-day experiment. Feeding bacitracin at 35  mg. daily in 
finishing rat ions did not s ignificant ly improve performance of the cattle in two 
experiments. Howeve r ,  re sults obtained with bacitracin in one experiment 
indicate further work is needed with this ant ibiotic. 
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Tab le 1. Mineral Supplements and Bacitracin for W intering Calves 
( Cottonwood - November 17 to April 23 , 1963  - 157  days ) 
Fre e  choi ceb Free choi ce c Free choice d 
Force-fed a ingre dients mix mix 
Control Bacitracin Control Bacitracin Control Bacitracin Control Bacitracin 
Number steers 
Init. shrunk wt. , lb. 
Final shrunk wt. , lb. 
Av. daily gain , lb. 
I • • 
Av. daily rat ion , lb. 
Prairie hay 
Prate in suppl. 
Av. dai ly minerals consume d , gm. 
T. M. salt 
Di cal. phos. 
Lime stone 
Feed per 100 lb. gain , lb. 
l le 
364 
542  
1. 13 
12. 3 
2. 0 
5 4. 0  
36. 0 
12 
3 6 4  
5 4 0  
l. 12 
12. 4 
2. 0 
5 4. 0  
36. 0 
12 
364 
5 3 6  
l. 09  
12. 3 
2. 0 
8. 7 
2. 2 
2. 4 
12 
366 
5 2 4  
1. 00  
11. 3 
2. 0 
7. 6 
5. 0 
0. 9 
12 
365  
547  
l. 16 
12. l 
2. 0 
2. 0 
2. 0 
12 
362  
5 32 
l. 0 8  
12. 2 
2. 0 
5. 6 
5. 6 
12 
370  
5 40 
l. 0 8  
12. l 
2. 0 
6. 5 
2. 4 
uf 
365 
539 
1. 10  
12 . 1  
2. 0 
8. 2 
3. 3 
Prairie hay 
Protein suppl. 
109 0 1112 1126 1126 
2 01 
1042 
173 
112 5 1119 
186 
1095 
Feed cost per 100 lb . gain, $g 
Feed cost per head , $  
Init. cost @ $34/cwt. , $ 
Init. and feed cost per head , $  
Init. and fe e d  cost per 100 lb. 
final wt. , $ 
178 
19. 06 
3 3. 82 
123. 90 
157. 7 2  
29. 11 
180 
1 9. 37  
34. 0 2  
123. 86 
157. 8 8  
2 9. 2 4  
185  
19. 17  
32. 81 
123. 93 
156. 74 
2 9. 26  
19. 84 
31. 2 7 
124. 5 8  
155. 85  
29. 74  
17. 81  
32. 50  
124. 10 
156. 60  
2 8. 60 
186 
19. 23  
32. 6 8  
123. 05 
155. 73  
29. 2 8  
19. 16 
32 , 5 0 
125. 90 
158. 40 
29. 3 3  
a
Dicalcium phosphate , ground lime stone and trace mineral salt added t o  the prot e in supplement t o  give an 
estimated 0. 3% phosphorus , 0. 4% calcium and 0. 5% salt in the total rat ion. 
1 8 2  
18. 7 7  
32. 5 3  
12 4. 2 7  
156 , 80 
29. 11  
bnicalcium phosphate , ground lime stone and trace mineral s alt offere d  s eparately on a free-choi ce bas is. 
�Free-acces s  mixture of equal parts di calcium phosphate and trace mineral salt. 
Fre e-acce ss  mixture of 75% dicalcium phosphate and 25% trace mineral salt with addit ional trace mineral salt 
fre e  access. 
eone chronic bloater remove d  from the lot. 
fone death from pneumonia. 
greed prices used per ton :  Prairie hay , $20 ;  prote in suppleme nt 
salt , $45 ; di calcium phosphate , $100 and ground limestone , $20. 
( exclus ive of minerals ) , $85 ; trace mineral 
Cost of bacitracin not included. 
Numbe r  steers 
Init. s hrunk wt. , lb. 
Final shrunk wt. , lb. 
Av. dai ly gain ,  lb. 
Av. dai ly rat ion , lb. 
Corn s ilage 
R. sh. corn 
Prot. suppl. 
Table 2. Mineral Supplements and Bacitracin for Finish ing Cattle 
(Oct. 3 to  Feb. 26 , 1963  - 145 days ) 
Force-fed a 
Control Bacitracin 
9d 9e 
769  750  
1184  1152  
2. 87 2.  77 
19. 8 19. 5 
16. 3 15. 5 
2. 0 2. 0 
Free-access  
in_gredientsb 
Control Bacitracin 
10 10 
757  7 5 9  
1198 1175 
3. 04  2. 87 
19. 2 19. 2 
15. 9 16. 0 
2. 0 2. 0 
Av. dai ly minerals consume d ,  gm. 
T. M. salt 5 4  54  21  16 
Dical. phos. 14 14 2 6  2 4  
Limestone 6 8  6 8  11 9 
" 
Free-access  
mixc 
Control Bacitrac in 
10 10 
7 5 5  7 5 5  
1163 1190 
2. 81  3. 0 0  
19. 3 19. 3 
16. 3 16. 3 
2. 0 2. 0 
10 12 
10 12  
5 6 
+" Feed per 100 lb. gain , lb. 
Corn si lage 6 90 6 96 6 2 9  6 6 7  686  6 42 
R. sh. corn 569  5 5 3  5 24  5 5 8  5 7 9  543  
Prot. suppl. 6 9  7 1  
Feed  cost per 100 lb. gain,  $f 17. 2 4  1 7  . 03 
6 5  6 9  7 1  
15. 92 16. 93 17. 5 1  
66  
16. 40  
Feed  cost per head , $ 71. 55  6 8. 46 70. 21 70. 43 7 1. 44 71. 34 
Dres s ing percent 60. 3  5 9. 8 60. 2  60. 2  60 . l  5 9. 3 
Carcass grade g 18. 7 18. 7 
Marbling score h 5. 2 5. 5 
Selling price /cwt. , $i 22. 72  2 2. 48  
19. 3 19. 3 1 8. 8 
5. 6 5. 8 4. 9 
22. 78  2 2. 86 22. 56  
18. 5 
4. 8 
2 2. 16 
Se lling price per head , $ 2 6 9. 00 2 5 8. 97 272. 90 268. 6 0  262. 37  2 6 3. 7 0 
aDicalc i um phosphate , ground lirr� stone and trace mineral salt added to the prote in supplement to give an 
estimated 0. 3% phosphorus , 0. 4% calcium and 0. 5% salt in the total rat ion. 
bni cal cium phosphate , ground limes tone and trace mineral salt offered s eparately on a free -choice bas is. 
cMixture composed of 40% trace mineral salt , 40% di calcium phosphate and 20% ground limestone offered free­
d
access. 
One death from a general toxemia. 
eone loss  from urinary calculi and one from a broken leg. 
f reed pri ce s  per ton :  Corn silage , $ 8 ; rolled s he lled corn , $40 ; protein supplement , $90. 
gCarcass grades :  Choi ce ,  2 0 ;  Good , 17. 
�Marbling s core : Moderate , 7 ;  Modest , 6 ;  Small , 5 ;  Slight ,  4 .  
1Based on carcass prices of $ 3 8  for Choice and $37  for Good. 
Table 3. Mineral Supplements and Bacitracin for Finishing Cattle 
( Dec. 2 1  to May 14 , 1963 - 144 day s ) 
Free-acces s  
Force-fed a inEired ients 
Con trol 
Number steers 10 
Init. shrunk wt. , lb. 739  
Final shrunk wt. , lb. 1124 
Av. daily gain , lb. 2. 6 8  
Av. daily ration , lb. 
Corn silage 11. 0 
R. s h. corn 17. 7 
Prat. suppl. 2. 0 
Av. daily minerals consumed , gm. 
T. M. salt 5 4  
Dical. phos. 14 
Limestone 6 8  
� Feed per 100 lb. gain , lb. 
0 • 
413 Corn si lage 
R. sh. corn 662  
Prat. suppl. 74 
Feed cost per 100 lb. gain , $b 18. 2 2  
Feed cos t  per s teer , $ 70. 15 
Dres sing percent 61. 7 
Carcass gradec 18. 6 
Marbling scoreC 5. 8 
Selling price per cwt. , $d 2 1. 0 9  
Selling price per steer , $ 2 37. 05 
aMineral supplements same as for E xperiment 2. 
breed prices same as for Exoeriment 2. 
Baci tracin Control 
10 10 
7 34 737 
1145 1112 
2. 86 2. 60  
11. 0 11. 0 
18. 2  17. 8 
2. 0 2. 0 
5 4  24 
14 34 
6 8  33  
386  424  
634  683  
69  76  
17. 32 18. 78  
71. 19 70. 42  
61. 9 6 1. 5  
19. 6 18. 6 
6. 1 5. 7 
21. 34 2 0. 91 
244. 3 4  23 2. 52 
ccarcas s grade and marbling s cores same as for Experiment 2. 
dBased on carcass  prices of $34. 7 5  for Choice and $33. 5 0  for Good. 
a 
Bac itracin 
10 
740 
112 2 
2. 65  
11. 0 
18. l 
2. 0 
23 
29  
3 5  
416 
6 8 2  
74  
1 8. 6 3 
71. 17 
61. 6  
18. 0 
5. 4 
2 0. 8 0  
233. 3 8  
Free-access 
'mix 
Control Bacitrac in 
10 10 
747 7 3 8  
1133 1149 
2. 6 8  2. 85 
11. 0 11. 0 
18. 3 19. 0 
2. 0 2. 0 
2 1  24 
21 24  
11  12  
412 387 
6 7 9  666  
74 6 9  
18. 56  17 , 9 7 
71. 64  73. 86  
61. 8 61. 3 
18. 4 2 0. 2  
5. 5 6. 4 
21. 03 2 1. 22  
238. 27 2 43. 8 2  
EFFECTS OF MINERAL CONTENT OF RATIONS ON FREE-CHOICE 
CONSUMPTION OF MINERAL SUPPLEMENTS AND PERFORMANCE OF CALVES 
L . B .  Embry , G .  F .  Gastler and J . E .  Nesvold 
(This report is taken from Animal Science Department report A .S .  65-2) 
In past experiments to study methods of mineral supplementation and types of 
mineral supplements for cattle , comparisons were made between forced feeding and 
free-choice feeding . Studies were also ma de on the effect of types of free­
choice supplements on the consumption of  various mineral elements . In general , 
the results have indicated that free-choice feeding is a satisfactory method ,  
but that the type of supplement should be appropriate for the rations fed . 
Feedstuffs and water vary widely in mineral content . In some instances , certain 
mineral elements may be consumed in excess of requirements because of the con­
centration occurring naturally in the feed and water . Others may be deficient 
in the ration and supplementary sources needed . Therefore , the kinds and amounts 
of mineral elements added to the ration or included in a free-choice supplement 
will vary depending on the mineral contents of the feeds and water being offered . 
Thus , proper mineral supplementation bec omes a complex problem . 
It is commonly assumed that livestock are able to balance their mineral needs by 
proper selection of appropriate free-choice supplements , but this assumption has 
not been adequately tested under a variety of  conditions . Therefore , this ex­
periment was conducted to study the effects of the mineral content of the ration 
on consumption of certain mineral ingredients when cattle were allowed free­
choice selection . The rations were varied in mineral content by the addition of 
dicalcium phosphate , limestone, and trace mineral salt . The cattle were then 
allowed to select any of these ingredients on a free-choice basis . 
Experimental Procedure 
Ninety-six Hereford steer calves were used in this experiment . They were full- fed 
prairie hay and 2 lb . of a 40"1. protein supplement for 3 to 4 weeks prior to the 
beginning of the experiment . They received 20 , 000 I .U .  of vitamin A and 350 mg . 
of aureomycin during the preliminary period . 
The calves were allotted on basis of  weight into 8 lots of 12 each for the experi­
ment . The experimental rations consisted of a full feed of  prairie hay and 2 lb . 
of a 40% protein supplement . A late-cut prairie hay was used in order to have a 
ration low in phosphorus . Urea was used in the protein supplement as a further 
means of reducing the mineral content of  the control ration . 
The ingredient composition of the control protein supplement in percent was as 
follows: soybean meal , 59% ;  ground shelled corn , 3 7% ;  and urea , 4% . Aureomycin 
and vitamin A were added to furnish 35 mg . and 5 , 000 I .U .  per pound , respectively , 
in the protein supplement . Mineral ingredients were added at levels of  6% of the 
protein supplements with the corn and soybean meal being adjusted to maintain the 
protein content at about 40% . Four replicated treatments obtained in this way were 
as follows: 
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1. Control protein supplement 
2. Dicalcium phosphate added to protein supplement 
3. Limestone added to protein supplement 
4. Trace mineral salt added to protein supplement 
Dicalcium phosphate , ground limestone and trace mineral salt were offered separately 
on a free-choice basis. Protein , calcium and phosphorus contents of the feeds are 
presented in table 1. 
The cattle had access to a shed with outside exercise lots. They were fed once daily 
with the hay being fed inside the shed and the protein supplements in feed bunks 
in the outside lots. The free-choice minera l ingredients were offered inside the 
shed. 
Water from a well  was provided in electrica l ly heated automatic waterers. The mineral 
content of the water in percent was as fol lows: calcium , 0. 004 ; magnesium , 0 . 0019 ; 
sodium , 0. 026 ; potassium , U. 0011; sulfate (S04) ,  0 . 03 ;  and chlorine , 0. 0015. The 
total salt content was about 0. 15% with a hardness of 10.5 grains per ga llon. 
Results of the Experiment 
Results of the feedlot performance are presented in table 2. Rate of gain and feed 
consumption were about the same for all treatments. The rations contained about 
10.57. total protein and the gains were similar to those obtained in past experi­
ments when calves were ful l- fed prairie hay supplemented to contain about this level 
of protein. Adding the mineral ingredients to the rations did not appear to affect 
the performance when the ca lves had free access to dicalcium phosphate , limestone 
and trace mineral salt. 
Consumption of the minera l ingredients from the protein supplements and free­
choice and total calcium and phosphorus intakes are shown in table 3 .  Including 
the minera l ingredients in the protein supplements resulted in an intake of only 
slightly less than 2 oz. per head daily. Only the trace mineral salt was consumed 
in any appreciable amount when offered free-choice. 
Current reconunended requirement for calcium for wintering ca lves for gains of about 
l lb. daily is 13 gm. per head daily. The amount of hay consumed with 0. 37% cal ­
cium furnished nearly twice this amount. There was no apparent need for additiona l 
calcium beyond that contained in the feed and protein supplements. Free-choice 
consumption of the dicalcium phosphate and limestone was low. Feeding of these 
ingredients in the protein supplement to increase the calcium intake to nearly 3 
or 4 times the above recommended requirement did not affect rate of gain , feed 
consumption and free-choice intake of salt. 
The recommended phosphorus requirement for wintering calves for gains of about 1 lb. 
daily is 10 gm. per head daily. The late-cut prairie hay with only 0. 13% phosphorus 
did not supply this much. However , that supplied by the hay and the protein 
supplement exceeded this recommended requirement by a slight amount . Only a small  
amount of phosphorus was consumed from the free-choice dicalcium phosphate. It 
would appear that the phosphorus levels of the rations without added dicalcium 
phosphate were adequate for wintering calves since rate of gain was not improved 
by forced feeding dicalcium phosphate which resulted in about doubling of the 
phosphorus inta ke . 
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Free-choice c onsumption of trace mine ra l  sa l t  amounted to  about 2 0  gm. (about 
3 /4 oz. ) per head  da ily when s a l t  wa s not a dded to the ra tions. The re wa s only 
a s light reduc tion when salt  was added to the prote in supplement at a level to 
give a da ily inta ke of 54 gm. (about 2 oz. ) .  Informa tion on the minimum s a l t  
requirement for cattle  is ra ther l imite d ;  however ,  l oz. (about 2 8  gm. ) is  gen­
era l ly cons idered an  ample amount for wintering ca lves. The free-choice inta ke 
of about 3 /4 of this amount  in this  experiment appeared adequa te s ince rate of 
ga in wa s  not improved by feeding la rger  amounts through the prote in supp lement . 
Previous expe riments where various sa l ts we re a dded to  the wa ter  for ca ttle  would 
indica te tha t the wa ter  of fered in this experiment wa s quite sa tis fa ctory. Total  
sa lts  of  various mixtures in excess of  the leve l in the wa ter in this  experiment 
did not a ffec t  performance of the ca t tle , wa ter  consump tion or free -choice con­
sumption of minera l supp lements. It would appear  unlike ly tha t the wa ter  a ffected 
the free -choice consumption of the minera l ingredients in the experiment s ince 
the amount of various elements  from the wa ter would be sma l l  in re lation to tha t 
consumed from the ra tion and the mineral  supp lements. 
Summa ry 
A ration composed of a ful l feed of la te -cut pra irie hay and 2 lb. of a 40'7. 
prote in supplement without a dded minera ls  conta ine d  enough calc ium and phosphorus 
to mee t  rec ommended requirements for wintering calves. Only sma l l  amounts of 
dica lc ium phospha te and l imestone were consumed when of fered free-choice. Feed­
ing a dditiona l ca lcium and phosphorus in the protein supplement did not improve 
performance of the calves. 
Approx ima tely 3 /4 oz. of trace mineral salt  was consumed pe r hea d da ily when 
of fered free-choice. The calcium and phosphorus content of the r a tion did not 
a f fe c t  free- choice c onsumpt ion of s a l t. Feeding about 2 oz. of s a l t  in the prote in 
supplement re sul ted in on ly a sma l l  reduction in consumption of free-choice s a l t  
and n o  e ffec t  on per formance o f  the calves. 
The l ow free -choice consumption of the dica lcium phospha te and l ime s tone might  
be interpreted to mean tha t ca ttle  have the ab il i ty to  re fuse minera l ingredi­
ents  not needed when a l l owed t o  do  so. On the other hand , the fa i lure of forced 
feeding of sa l t  in excess  of requirements to have much e ffe c t  on free-choice 
consumption of sa l t  would not indica te a close relationship be tween free -choice 
consumption and the requirements. This ob serva tion and the l ow consump t ion of 
dica l c ium phosphat� when the ra tions on ly s l igh t ly exceeded the recommended 
requirements for phosphoru� may indica te tha t factors  other than the minera l 
content of the ration have an imp ortant in fluence on consumption of minera l 
supplements. Further s tudies a re needed. 
High roughage ra tions for wintering ca lves will gener a l ly be adequa te in ca l cium. 
S ince those l ow in phosphorus a re a lso genera l ly low in prote in , the phosphorus 
requirement may be met when the ra t i on is properly supp lemented with prote in. 
Mos t high prote in ingre dients are good s ources of phosphorus. In this experiment 
the hay and protein supplement  furnishe d  phosphorus s lightly in excess  of 
re commended requirements even though a low phosphorus hay was selecte d  and urea 
wa s used in the protein supplement to  reduce the mineral con tent. 
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Ta ble 1 .  Composition of Feeds 
(10% Moisture basis) 
Feedstuff 
Prairie hay 
Protein supplements 
Control 
Dicalcium phosphate8 
Limestones 
Trace mineral sa lta 
Dica lcium phospha teb 
Limestoneb 
Protein 
% 
5 . 88 
40 . 43 
38 . 85 
38 . 60 
38 . 94 
a Added a t 6% of protein supplement .  
b Guaranteed minimum a na lysis. 
Ca lcium 
% 
. 37 
. 21 
1 . 42 
2 . 50 
. 25 
22 . 0  
38 . 0  
Tab le 2 .  Feedlot Performance 
(November 22 to June 4 ,  1964 - 195 days) 
Dicalcium 
Type of supplement Control phospha te 
Number steers 24 24 
Av . init . shrunk wt . ,  lb . 396 396 
Av . fina l shrunk wt. , lb . 609 608 
Av . daily gain , lb . 1 . 09 1 . 08 
Av . daily ra tion , lb : 
Prairie hay 12 .5  12 .5 
Protein supplemen t 2 . 0  2 . 0  
Feed per 100 lb . gain , lb . 
Prairie hay 1150 115 6 
Protein supplement 183 185 
a One steer with urinary ca lculi removed from the experiment .  
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Phosphorus 
% 
. 13 
.52 
1 . 52 
.51 
. 52 
18 .5  
Lime-
stone 
23a 
395 
612 
1 . 11 
12 . 6  
2 . 0  
1135 
180 
Carotene 
mg. / lb . 
2 . 67 
Trace 
minera l 
sal t  
24 
400 
612 
1 . 08 
12 . 6  
2 . 0 
1168 
184 
Type of supplement 
Dicalcium phosphate 
Protein supplement 
Free-choice mineral 
Limestone 
Protein supplement 
Free-choice mineral 
Trace mineral salt 
Protein supplement 
Free-choice mineral 
Calcium 
Hay 
Protein supplement 
Free-choice mineral 
Total 
Phosphorus 
Hay 
Protein supplement 
Free-choice mineral 
Total 
Table 3 .  Mineral Consumption 
(Gm . /head daily) 
Dicalcium 
Control phosphate 
54. 5 
1 . 5  2 .6  
3 .6  3 . 7 
19. 5 20. 3  
21 . 0  21 . 0  
1 . 9  12.9  
1 .  7 2.0  
24 . 6  35 . 9  
7 . 4  7 . 4  
4.  7 13 . 8  
.3 . 5  
12 .4  21 .  7 
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Trace 
mineral 
Limestone salt 
5 .4  4 . 2  
54 . 5  
1 . 5  2 . 7  
54 . 5  
21 . 6  16 .4  
21 . 2  21 . 2  
22 . 7  2 . 3  
1 . 8  1 . 9 
45 . 7  25 .4  
7 . 4  7 . 4  
4 . 6 4 .  7 
1 . 0  . 8  
13 . 0  12 . 9  
PROGRE SS REPORT ON PROJECT 167 AT COTTONWOOD RANGE FIELD STATION 
C .  A .  Dinkel 
There are two phases of project 167 carried on a t  the Cottonwood Station, both 
of which are rela ted to the work at the Antelope Range Sta tion .  Fa c ilities 
a t  the sta tion are used for wintering the heifers produced in both the Antelope 
and Cottonwood cow herds. The heifer calves from the Antelope S ta tion along 
with the heifer ca lves produced a t  the Cottonwood S ta tion a re wintered to  ga in 
approxima tely 1 pound per day and a re weighed and s cored 196 days a fter weaning. 
The heifers a re summered on the range a t  For t  Mea de. Repla cements for bot h  
herds are selected five months after the spring weight with selec tions being 
based prima rily on the 18-month weight and conforma tion score . The highest 
indexing heifers among those produced a t  t he Antelope Sta t ion a re returned to  
t his sta tion for repla cements in  the inbred lines . The next highest indexing 
heifers from the inbred lines and t he non- inbred contr ol line are returned to 
Cottonwood where they enter the second phase of project 167, the evaluation of 
single cross or hybrid beef cat tle. 
Approxima tely 60 cows are ca rried in the single cross phase of the study . The 
cows a re ma ted in such a way as to produce inbred calves, single cross (a cross 
of two different inbred lines), topcross (inbred bull ma ted to control line 
heifers) and control line calves (control line bulls on control line heifers). 
The comparison of single cross performance with inbred line performance is the 
traditional measure of hybrid vigor. The control line was originally formed 
using the same animals which produced the inbred lines, only ma tings ma de in 
the control line were among unrela ted individua ls. This line allows an est ima­
tion of wha t could have been done through selec tion during the same length of 
time without the inbreeding ca rried on in the inbred lines . Thus1 a comparison 
of the control and single cross gives a measure of the improvement we might 
expect in commercial production through the forma tion of inbred lines and the 
resulting single crosses . The topcross ca lves in comparison with the control 
line calves allow an est ima te of the va lue of the inbred bulls used on out­
bred or unrela ted heifers as  opposed to non- inbred bulls so used. In a ddition 
these da ta allow comparison of the inbred and control calves. However, this 
same compa rison is ava ilable in the Antelope Range herd with far grea ter numbers. 
Table 1 presents a five yea r summa ry of the da ta collected through weaning 
in this phase of the proj ec t. S ince cows are only kept for two opportunities to  
calve, this means only approxima tely 4 0  cows calving ea ch  yea r .  The numbers 
a ccumula ting in t he five-year period a re �ui te small, especially considering 
tha t there were only 12 ca lves born in the first yea r .  There a re a total of 
130 calves represented with only 30 of these, 17 and 13 respectively, appearing 
in the inbred and control ca tegories . The inbred calves averaged 17 pounds 
lighter a t  weaning than did t he control line calves, and this difference is not 
grea t consider ing tha t the inbred ca lves are from inbred mothers and no cor­
rection has been ma de for t he fa ct  tha t inbreeding depresses t he milking ability 
of t he cow. It  should be pointed out also tha t all of these calves a re from 
first and second calf heifer3 . 
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Comparision of the inbred and single cross calves indicates a 15 pound difference 
where both sets of calves are out of inbred mothers . If these data had been 
corrected for inbreeding of dam, the single cross calves would actual ly rank 
better than the control line calves . This increased ability to grow will  be 
apparent in later growth data to be presented . For all practical purposes the 
topcross, control , and single cross calves were equal in weight at weaning . 
Differences in inbreeding of the calf have been adjusted , but in the practical 
situation inbreeding of the cow would be one of the factors involved in comparing 
production of single cross versus either topcross or control cattle . Conforma­
tion score at weaning did not differ greatly among the groups . 
The numbers available are quite small to estimate calving percentages for the 
different groups with any precision since these percentage traits are affected 
by so many environmental situations . Theoretical ly we would expect the dams of 
the inbred and single cross calves to be less efficient reproducers because 
they are inbred, and the dams of the topcross and control calves more efficient 
in reproduction because they are not inbred . So far as these data are accurate 
indicators, it appears that the inbred dams of the inbred calves were poorest 
in reproduction . However, the mating of the unrelated bul l  to the inbred dams 
of the single cross calves brought this group up even with the control line 
dams, and the mating of the inbred bul ls with unrelated non-inbred heifers to 
form the topcross calves resul ted in the best reproductive performance . The 
same rank was maintained for percent weaned except that more calves were lost 
among the single cross calves.. and they fel l  below the control for this trait . 
The importance of the unrelated inbred bul l  effect on percent born and weaned 
will  be of particular interest as the amount of data increase . 
There are fewer animals available at the yea rling ages particularly in the inbred 
and control groups . This means that the differences are less accurately esti­
mated . It does appear , however, that there is some compensation at least in the 
case of the single cross calves for the poorer environment provided by the inbred 
mother . The rate of gain as shown for the bul ls and steers appears to indicate 
this . While these resul ts are based on too few numbers to be conclusive, the 
comparison of the single cross and inbred calves would indicate that hybrid 
vigor is present for the growth traits but that the use of the inbred cow in the 
production of weaning calves prevents the hybrid vigor from appearing until the 
yearling age . However , these data indicate that the topcross group may be as 
productive as the single crosses and this raises a doubt as to the presence of 
true hybrid vigor . The advantage is there but it  may be due to other than hybrid 
vigor as usual ly defined . The topcross would not have the disadvantage of utili­
zing inbred mothers and, therefore, may be a more practical way to utilize in­
breeding . It is interesting to note that the yearling weights for the steers 
indicate more advantage to the single cross over the topcross . These steers 
were on a higher level of concentrate feeding as compared to the bul ls and 
heifers and this may contribute to this difference . 
Further data wil l  be required to establish these findings more accurately 
due to large year to year variations . The groups are represented by different 
n��bers of animals in different years and some of the groups are represented 
by only one or two animals in some cells of the table . The effects of these 
factors have not been removed for this summary . Thus , these data serve very 
little more than to indicate what use can be made of the data being collected . 
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Table 1. Over-a ll  Sucrunary - 1960-1964* 
Adj. weaning weight 
Conforma tion score 
% born of cows bred 
% weaned of cows bred 
Ye arling weighta 
Heifers 
Bul ls 
Steers 
Daily Gain 
Bulls 
Steers 
Final conforma tion 
Top cross 
378  (45 ) 
High Good 
96 
89 
694 (12) 
982 (11)  
913 (7 ) 
1 . 88 (11) 
2 . 54 (7 ) 
High Good 
Inbred 
358 (17 )  
Low Good 
79 
7 2  
684 (6) 
865 (1) 
868 ( 3 )  
1. 7 2  (1) 
2 . 46 (3) 
Low Good 
Control 
375 (13) 
High Good 
87 
87 
642 (2) 
841 (3 ) 
890 (2)  
1. 47 (3 ) 
2. 44 (2) 
Good 
* Number of anima ls in the average indica ted in parentheses . 
a Adjusted for differences in age • 
. . . 
CATTLE GRUB CONTROL 
Single 
Cross 
373  (55) 
Good 
87 
80 
691 (13) 
964 (22) 
955 ( 6 )  
1. 92 (22) 
2. 69 (6) 
High Good 
The work on cattle grub control at Cot tonwood parallel s that done at the 
Antelope Range Stat ion and at Reeds Ranch. This work is reported in the sec ­
t ion in this c ircular for Antelope Range . (See page 7 . ) 
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EGG-LAYING TRIALS 
Newell and Cottonwood 
W .  c . Morgan 
For the pas t  eight years , pullets from the South Dakota Agricultural Experi­
ment Station at Brookings have been performance tes ted at Newell . Each year 
400 pullets were transported by truck and divided equally into the five pens 
in the laying house . Each pen of pullets was from parents which differed , 
depending upon the breeding system being s tudied at Brookings . 
At  Cot tonwood , performance of  different genetic groups has also been tes ted; 
the smaller house will accomodate four groups of 60 pullets each . Records 
kep t at the s tations included eggs laid, feed consumed , deaths , egg size and 
broody periods . An attempt has been made to learn how to  produce improved 
pullets by s tudying different breeding methods . A t  each s tation , records 
were kep t for an eleven-month period . The pullets for Newell were one month 
younger than those at Cottonwood . Age differences were necessitated by 
limited rearing facilities at Brookings .  Newell records were kep t from 
November l to September 30; those at Cot tonwood were kep t from October l to  
August  31 . 
Methods for developing useful inbred lines by different selection systems 
have been s tudied at Brookings .  Mos t of the groups of pullets  which were 
sent to the subs tations had one or both parents which were inbred White Leg­
horns . La s t  year , the results at Cottonwood indicated that selection of the 
inbreds on the basis of rate of production provided bet ter parents than did 
a system of inbreeding without selection . Twelve different inbred lines of 
White Leghorns have been developed at Brookings . Pullets produced by sires 
from two of the selected lines laid an average of four dozen more eggs than 
did the pullets  which were sired by males from an unselected inbred line at 
Cottonwood . At Newell it wa s observed that by using a heavier breed (Barred 
Rock) as one parent , egg-s ize was improved . The use of a heavy-breed parent 
did , however , increase the incidence of broodines s . Results at both s tations 
indicated the broodiness was also influenced by inbreeding when the pullet s 
were not pure Leghorns . At Newell ,  Barred Rock cocks and White Leghorn hens 
were used as parents for three of the experimental groups . When neither parent 
was inbred , there were 26 broody periods , with one inbred parent there were 141 
periods and with both parents  inbred there were 280 periods . 
Although no major differences have been observed when the same genetic group s 
have been tested at the two s tations , the Cottonwood pullets have laid slightly 
larger eggs . Larger egg size has been ass ociated with older age at sexual 
maturity . The later hatched pullets at Newell normally reached sexual maturity 
at a younger age than did the Cottonwood pullets. 
For each or the experimental groups , feed efficiency (the number of pounds of 
feed required to produce a dozen eggs ) was determined . The two most important 
factors which influenced feed efficiency were total number of eggs laid and 
adult body size . In a typical situation , hens averaging 5 .1 pounds required 5 . 0  
p ounds of feed t o  produce a dozen eggs ;and another group of hens laying at approx­
imately the same rate, weighing only 4 . 3  pounds required 4 .5  pounds of feed to 
produce a dozen eggs . 
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1964 CROP PERFORMANCE TESTING 
Joseph J .  Bonnemann, Assistant Agronomist 
Two performance trial programs were conducted at the Range Field Station during 
the 1964 crop year . The first of the trials were those including the small grains: 
spring wheat, oats and barley . The results of the trials plus the 1963-64 averages 
given in the following tables are from Experiment Station Circular 165, "1964 
Small Grain Variety Trials. " The plots were seeded April 15 and harvested July 24, 
1964 . 
The second performance trial, conducted as such since 1962 by the Crop Performance 
Testing Activity, is the grain sorghum trial . Bird damage has been a maj or problem 
at this location . The results given are from Experiment Station Circular 167 
"1964 Grain Sorghum Performance Trials . "  The material was seeded May 26 and har­
vested September 29, 1964 . 
TEMPERATURE AND PRECIPITATION DATE FOR 1964 SMALL GRAIN GROWING SE ASON 
Cottonwood , Sout h Dakota 
Cottonwood�/ April 47 . 4  1 . 1 3 . 59 1 .  94 
Last 
Variety 
CI 13654 
C I  13655 
Justin 
Rushmore 
CI 137 51 
CI 13586 
Can thatch 
Selkirk 
Crim 
Thatcher 
Mida 
Pembina 
Ceres 
Lee 
Marquis 
LSD . OS 
May 60. 6 3. 2 2. 55 -0. 16 
June 65. 1 -2. 0 5. 31 2. 33 
July 7 7 .  2 1. 2 . 9  0 . 87 -0. 67 
freeze May 24 - 32° 12. 32 
STANDARD VARIETY SP RING WHEAT TRIALS, RANGE FIELD STATION, 
COTTONWOOD, 1963-1964 
1963 1964 1963-64 
Average Yields , bushels per acre 
17 . 5  
14 . 8  
18. 6 
17 . 2  
13 . 5 
16 . 6  
15. 4 
13 . 6 
15. 5 
14. 0 
14 . 8  
11. 8 
10 . 9  
Mean yield 
N. S .  
28 . 1 
28. 1 
28 . 1 
27 . 9  
27 . 3  
25. 9 
24 . 9 
24. 0 
23 . 1 
23 . 0  
23 . 0  
22 . 4 
21 . 6 
20. 6 
13 . 2 
24. 1 
N .  S .  
60 
22 . 8  
21 . 5 
23 . 3 
22 . 3  
19 . 7  
20. 8 
19. 7 
18 . 4 
19. 3 
18 . 5  
18 . 6  
16. 2  
12 . 1  
1964: 
1964 
Test Wt . 
lb/bu 
60. 0 
61. 5 
57 . 5  
60. 0 
59 . 5 
59. 5 
58. 5  
55. 5 
58. 5 
58. 0 
59. 5  
57 . 0  
58. 5 
57 . 5  
49. 0 
Da te P lanted - April 15 
Da te Harveste d  - July 24 
3 . 44 
STANDARD VARIETY OAT TRIALS 
Variety 
CI 76 79  
Brave 
Garland 
Andrew 
CI 7463 
Tippecanoe 
CI 7454 
Dupree 
Burnett 
Mo. 0-205 
CI  7 9 7 8  
Dodge 
Newton 
Neal 
Nehawka 
Minhafer 
Coachman 
Portage 
Ortley 
Brunker 
Clintland 64 
Bonkee 
Putnam 6 1  
Nodaway 
Clintland 60 
1963 1 9 64 
Average Yields, bu/A 
31 . 8 
29 . 2  
37 . 6  
33. 3 
29 . 4  
29 . 0  
27 . 8  
28 . 4  
28 . 5  
32 . 5  
32 . 0  
30 . 4  
31 . 1 
2 5 . 3 
28 . 9  
46 . 9  
43. 0 
42 . 0  
4 1 .  0 
40 . 1 
39 . 2  
38 . 6  
38 . 5  
38 . 4  
38 . 1  
36 . 4  
36 . 1  
36 . 1  
35 . 3  
34 . 6  
34 . 5  
34 . 2  
33. 6 
32 . 1  
30 . 8  
29 . 8  
28 . 3  
2 7 . 9  
27 . 0  
26 . 4  
Mean yield 35 . 6  
LSD . 05 8 . 2  1 1 .  3 
1 960 - 1 964 
Cottonwood 
1 963-64 
1964 
Test Wt. 
lb/bu 
Statistical 
Significance 
36 . 9  
35 . 1  
38 . 0  
35 . 9  
33. 8 
32 . 6  
31 . 6 
31 . 5 
31 . 5 
33. 3 
32 . 8  
31 . 3 
31 . 0 
26 . 8  
27 . 7  
6 1  
37 . 0  
38 . 0  
39 . 0  
37 . 5  
39 . 0  
38 . 0  
37 . 5  
37 . 0  
38 . 5  
35 . 5  
36 . 0  
39 . 0  
38 . 5  
37 . 0  
38 . 0  
38 . 5  
37 . 0  
38 . 0  
38 . 0  
38 . 0  
38 . 0  
40 . 0  
38 . 0  
38 . 5  
40 . 0  
1964: Date  Planted - Apr i l  15 
Date  Harvested - July 24 
STANDARD VARIETY BARLEY TRIALS , RANGE FIELD STATION,  COTTONWOOD , 1 963 - 1 964 
Variety 
Custer 
Otis 
Larker 
Plains 
Betz es 
Spar tan 
Trail l  
Trophy 
Feebar 
Kindred 
Liberty 
Parkland 
LSD .05 
1 963  1 964 
Average Yields , 
18 . 5  
2 2 . 4  
22 . 1  
1 1 .6 
3 1 . 3  
24 .0 
25 .8  
21 .0  
1 7 . 3  
1 5 .0 
20 . 9  
21 .0  
36 . 4  
36 .0 
33.4 
3 1.0 
27 . 1  
22 . 9  
22 .4  
1 9 . 5  
18. 9 
14. 5 
13  . s  
12 .6 
Mean yield 24 .0 
5 . 9 5 . 1  
1 96 4  
1 96 3 - 1 964 Tes t Wt . 
lb/bu 
Stat istical 
Signifi cance buiacre 
27 . 5  
29 .2  
27 . 7  
21 . 3  
29 . 2  
23 . 5  
24 . 1  
20 . 3  
18 . 1  
14 .8  
17 . 2 
16 .8  
45 .0 
47 .0 
48 . 5  
48 . 5  
47 .0 
45 . 5  
47 .0 
46 . 1  
41+ . 5  
46 . 5  
47 .0 
46 . 5  
1 964 : Date P lanted - April 15 
Date Harvested - July 24 
GRAIN SORGHUM PERFORMANCE TRIAL , AREA B3 , RANGE FIELD STATION, 1 964 
Percent Height Date T . Wt .  Yie ld,100#/A Stat i stical 
Variety Moi sture Inches Headed lb/bu 1964 1962- 64 Significance 
SD 451 
Pawnee 
NK. 120 
NK. 133 
RS 501 
NK. 125 
TE 44 
PN3 304 
NK 144 
SD 441 
DeKalb Shorty 33 
DeKalb B32 
SD 503 
SD 102 
SD 502 
PAG 275 
RS 610 
RS 608 
Comanche 
NK 212 
Ute 
Pioneer 848 
CV - 46% 
6 .8  
8 . 5  
7 . 0  
6 .9  
5 . 8  
6 . 3  
7 . 4  
7 . 3  
8 . 6  
7 . 5  
5 . 1  
8 . 2 
7 .0  
6 . 1  
7 . 2  
6.5  
10. 0 
9 . 3  
9 .7 
14.0 
9 . 9  
6 . 9  
33 
33 
28 
33 
36 
31 
26 
24 
28 
35 
28 
31 
32 
32 
30 
30 
31 
27 
29 
29 
27 
29 
7/25 54 
7/28 56 
7/24 50 
7/28 54 
7/28 55 
7/28 53 
7/31 49 
7/29 55 
7/30 55 
7/23 52 
7/25 56 
7/29 58 
7/30 53 
7/22 52 
7/29 53 
7/25 54 
8/2 53 
8/4 53 
8/3 53 
8/5 51 
8/5 52 
8/13 52 
Mean Yie ld 
L. S. D. ( . 05 )  
7 .9  
7 .7  
7 .5  
7 .2  
7 .0  
6 .3  
6. 3 
6 . 1  
6.0 
5.7 
5 . 6  
5 . 5  
5 . 5  
5 . 1  
5 . 0  
4 . 8  
4 . 1  
3 .0  
2. 5 
2.0 
1 . 7  
1 . 0  
5 . 2  
3 . 9 
7 . 6 
7 . 9  
5 . 7  
7 . 1  
4 .5  
6 .2  
4 .9  
3 .9  
3 .6  
2.9  
Drouth conditions and some bird d amage caused a coef ficient of  variation so  high 
that stati stical difference s found are unreliable . 
1 964 : Date Planted - May 26 ; Date Harvested - Sep tember 29. 
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Temperature and Precipitation Data for 1964 Gra in Sorghum Growing Se ason 
Cot tonwood 
First frost 32° - Sept. 24 
Cottonwood May 60 . E  3 . 2  2 . 55 -0 . 1 6 
2 E June 65 . l  -2 .0 5 . 31 2 . 33 
July 77 . 2  l . 6  0 . 87 -0 . 67 
B3 Aug. 70 . 8  -3 .0  l . 36 o . oo 
Sept. 59 . 9  -3 . l  0 . 6  0 . 17 -0 .85 0 . 65 
10. 26 
SOIL FERTILITY STUDIES, RANGE FIELD STATION 
Dwight Hovland 
Soil fertility plots were revised in 1961 and 1962. One set of plots was 
started to test rates of nitrogen fertilization with yields from a winter wheat­
fallow sequence. A second group of plots was established to determine the in­
fluence of nitrogen and phosphorus fertilization on yields from a spring wheat­
sorghum sequence and a spring wheat-fallow sequence. 
Results from 1964 are shown in the table below. Fall sown wheat did not sur­
vive the winter and , during the growing season, the soil became too dry to 
produce a crop of sorghum. Spring wheat yields in the fallow sequence in­
creased with phosphorus fertilization of the soil. 
Influence of Fertilizer on Spring Wheat Yield in a Spring Wheat-Sorghum 
Sequence and in a Spring Wheat-Fallow Sequence - Cottonwood 1964 
Fertilizer 
N p 
(Lbs/ A) 
0 0 
30 0 
0 13 
30  13 
Sequence 
Sorghum Fallow 
(Bu/A) 
11 9 
9 9 
1 1  1 5  
8 14 
COTTONWOOD GRASS VARIETY STUDIES 
James G. Ross 
Tests of grass varieties in rows and in solid stands have been conducted to 
obtain information concerning adaptation and yield. Nordan and Fairway crested 
wheatgrass and Vinall Russian wildrye have persisted better than other grasses. 
They have also given forage earlier in the spring. Lincoln bromegrass and Oahe 
intermediate wheatgrass have been superior in forage yields. Because of 
drought and uneven stands , comparative yield data were not available in 1964. 
63 
AGRICULTURAL ADVISORY GROUP 
U. S. Irrigation and Dryland Substation 
Newell 
Laurence Bentz - Newell 
Rodney Larson - Fruitdale 
E. H. Renecke -Beulah, Wyoming 
Louis Bober - Rapid City 
James Oliver-Albion, Montana 
Norman Vansickle - Opal 
THE COOPERATIVE EXTENSION SERVICE 
South D akota State University 
John T. Stone, Director 
County Extension Agents of the Substation Area 
Elbert Bentley Bison Perkins 
Donald Klebs ch Sturgis Meade 
Kenneth Leslie Belle Fourche Butte 
Roger Moul Buffalo Harding 
John Powell Mc intosh Corson 
Ray Rezek Spearfish Lawrence 
Arnold Riechman Dupree Ziebach . . . . . 
Personnel 
County 
County 
County 
County 
County 
County 
County 
Carl J. Erickson, Supt., U. s. Irrigation & Dryland Field Station 
J. J. Bonnemann, As sistant Agronomist, Agronomy Department, SDSU 
Harry A. Geise, As sistant Agronomist, Agronomy Department, SDSU 
J. A. Minyard, As sistant Professor, Animal Science, Newell 
Walter C. Morgan, Profes sor, Poultry Science, SDSU 
J. T. Nichols, As sistant Profes sor, Range Management, Newell 
Contents * 
Introduction 
Livestock Research • • • • • • • • •  
Range and Irrigated Pasture Research . • • • • • • • • • • •  
Egg Laying Trials • • • • • • • • • • • • • • • • • • • • 
Influence of Arsenicals on Growth Differential . 
Crop Performance : 
Oat Trials • • • • •  
Barley Trials • • • •  
Spring Wheat Trials 
Grain Sorghum Trials 
Photographs Illustrating Work at Newell . 
Page 
65 
66 
84 
59 
92 
93 
95  
96 
97 
98 
�·. Work reported herein belongs primarily to the areas of responsibility dis ­
charged by the South Dakota Agricultural Experiment Station in its cooper ­
ative research program with the United States Department of Agriculture and 
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INTRODUCTION 
Carl Erickson 
Superintendent 
The Newel l  Field S tation in Butte County, South Dakota, has been a research 
center for the pas t  57 years serving an extensive area of northwes tern Nebraska, 
ea s tern Wyoming, and wes tern South Dakota . The Bureau of P lant Indus try of 
the United S ta tes Depar tment of Agricul ture initia l ly established the Belle 
Fourche Experiment Farm in 1907. In 1950 the name wa s changed to the Newel l  
Irriga tion and Dryland Field Station. 
The S ta tion is concerned with research in soil, wa ter, lives tock and range im­
provement primarily on the heavy clay soils of wes tern South Dakota under both 
irriga ted and dryland conditions . The Agricultura l Research Service, United 
States Department of Agriculture, and the South Dakota Agricultura l Experiment 
Sta tion cooperate in the research. The Federa l government is responsible tor 
maintenance and operation of the S tation and for research in soil and wa ter .  
The South Dakota Agricultural Experiment S ta tion is responsible for lives tock 
and range utilization and improvement research. 
Twelve hundred acres of range land at Fort Meade, 25 miles south o i  Newel l  in 
Meade County, are supervised by s ta tion personnel in connection with grazing 
experiment s .  Heifers from the beef breeding project are wintered at Cot ton­
wood, in Jackson County, and grazed during the suauner at  Fort Meade. At 18 
months they are returned to the parent herd at  Cottonwood or Antelope Range. 
In addition, s teers utilized in ca lf wintering and feedlot s tudies at Newel l  
are s ummered at  Fort Meade . 
Soils at the Newell  Field S tation are Pierre clays and a l lied soils . Pierre 
clays are residua l soils developed from underlying Pierre sha les and are ex­
ceptiona lly heavy soils ranging in texture from a silty clay loam through a 
heavy clay. Pierre clay soils are dark grayis h brown in the upper layers, 
shading into the olive- gray color of the parent materia l at  depths of 3-1/ 2 to 
6 feet . On level uplands and on bot tomlands where drainage is imperfect, soil 
forma tion ha s been influenced by the accumulation of s a lts . Natura l fertility 
of Pierre clay soils is adequate even though the organic ma tter content is low . 
Wa ter permeability is very poor . In a s tudy of the movement of water through 
an undis turbed core of  Pierre clay soil, it was observed that after 29 days 
wa ter had penetra ted to a depth of on ly 6 inches . Initia l ly, wa ter entered 
the soil a t  a rate of 0.53 inches per hour ; however, after the firs t hour the 
ra te of entry was 0 . 05 inches per hour and continued to decrease to a con­
s tant va lue of 0. 01 inch per hour at  the twentieth day. 
Due to high clay content of  34% to 54%, Pierre clay soils become s ticky and 
plas tic on wetting and are easily puddled . At low-mois ture content these soils 
are hard and coherent. C lods are produced if these soils are tilled in either 
a wet or a dry condition . Because of cohesive characteris tics, Pierre clay 
soils are quite res is tant to wind action when wet or mois t .  Fros t action, in 
conjunction with the drying effect of wind during the winter and early spring, 
often breaks the soil into a loose mass  of  granula ted par ticles which are 
easily eroded . 
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Annua l precip ita t ion from 1908 through 1956 averaged 15. 67 inches , ranging 
dur ing this 49-year period from 28. 4 1  inches in 1946 to 6. 64 inches in 1 9 1 1. 
Average ra infa ll  during the growing s ea s on (April  through September) is 12.04 
inches .  Temperatures a t  the s ta t ion during this period ranged from a h igh of  
1100 F. to  - 38° F. Average tempera tures during June , Ju ly and Augus t were 
65° F. , 730 F. , and 70° F. , respect ive ly. The average fros t-free period is 
137 days. 
LIVESTOCK RESEARCH 
J. A. Minyard 
The Res earch Program Prior t o  1961  
L ives tock res e arch has been one ma j or l ine o f  inves t igat ion at  Newe l l  f or many 
years. From 1912  to 1922 it was conducted in coopera t ion with the Bureau of 
Anima l Indus try , USDA , and s ince then by the Experiment Stat ion. 
E arly l ives tock work was c losely t ied  in with irriga t ion farming s tudie s and 
was primarily concerned with management and utiliza t ion of irriga ted crops. 
A feeder p ig proj ect , ini t iated in 1915 , created cons iderable  loca l interes t 
and led to  the deve lopment of a thriving feeder p ig indus try in the early 
twent ies.  A sma ll f lock of Hampshire s heep was s tarted in 1920 and ma inta ined 
unt i l  1942 , when it was replaced by a flock of purebred Corrieda les from USDA 
foundat ion s tock. The Corrieda le flock was ma int a ined unt il 1961. 
Lamb Feeding: 
Lamb feeding tria ls were s tarted in 1927 to answer que s t ions re­
garding rat ion compos it ion , methods of handl ing feeds , s upp lements in finis hing 
ra t ions , and management of lambs . Farm grown feeds were fed in different com­
b inat ions , with and without prote in and minera l s upp lementat ion , in an a t tempt 
to find efficient ra t ions for fa t tening lambs. A brief s ummary of maj or find­
ings: 
1. Sorghum fodder , wes tern wheatgras s  hay and sudangras s  hay ,  with 
or without pro t e in s upplement , were poor s ubs t itutes for a lfa lfa hay. 
2. Lambs fed corn ga ined fas ter and ut ilized the feed more effic ient ly 
than lambs fed barley. 
3. Chopping hay reduced the feed required per pound of ga in. However , 
the returns from feed s aved were not enough to offs e t  the cos t of 
chopp ing. 
4. Addit ion of coba lt  to finis hing rat ions increa s ed rat e  of ga in and 
feed efficiency. Res pons e was greate s t  when pra irie hay was fed 
as  roughage. 
5. Use  of hormone imp lants increased rat e  of ga in and improved fee d 
effic iency;  however , carca s s  qua l ity of treated lambs was lowered. 
6. "Topping out" iambs a s  they became fin is hed for marke t proved a 
profitab le pract ice. 
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7. Feed lot room a l lowed per lamb (25 s quare fe et  vs . 80 s quare feet) 
did not s igni f icant ly a f fect death  loss or feed lot performance 
of feeder  lambs. 
8. Feeding three t imes a day showed no advant age over feeding twice 
da ily. 
W inter ing Ewe s :  
Use of a l fa l fa hay and nat ive hay for winter ing bred ewe s was 
eva luated , s tart�ng in 1945. In terms of ewe ga in and lamb and woo l  produc­
t ion , a da i ly a l lowance of  2 . 5 pounds of  nat ive hay and 1. 0 pound o f  a lfa lfa  
hay was e quiva lent to 3. 5 pounds of  a l fa l fa hay. Feeding a s imilar rat ion to  
ewe lambs for the f irs t two winters did  not  prove s a t is factory. However ,  when 
1/3 to  2/3 pound o f  bar ley was fed with 1. 0 pound of a l fa l fa  hay and 2 . 0  pounds 
of  wheatgras s  hay for the f ir s t  winter and fo l lowe d the s econd winter by an 
a l l-hay rat ion , a s a t is factory cumu lat ive 2-year performance wa s obta ined . 
Irr igated  Pas ture S tudies: 
Research was init iated in 1950 to eva lua te l ives tock product ion 
on irr iga ted pas tures . P lots on heavy c lay s o i l s ranged in s ize from 7 t o  9 
acre s .  The land was class  IV , with undeve lope d topography and water dis t r ibu­
t ion sys tem. The p lots we re managed as a s even-unit pas ture- crop rotat ion , 
and the exper iment was cont inued for 9 years.  Each pas ture was d ivided by a 
t emporary fence , ha l f  the pa s ture for s heep and ha l f  for cat t le.  
Carrying capac ity of the irr iga ted pas tures averaged 5 . 5 5  anima l  unit months l 
(AUM) per acre for s heep , 4. 09 for year l ing s teers grazed , and 5. 20 for year­
l ing s teers fed green-chop . The average gra z ing per iod was  1 16 days. The cat ­
t le were fed green-chop r or an average of 98 days. Tota l anima l ga ins per year 
averaged 290 , 285 and 35 1 pounds per acre for sheep grazed , s teers grazed and 
s t ee rs fed green-chop , respect ive ly .  
Swine Breeding and Feeding: 
Ear ly work w ith swine was l imited  to  ful l feeding pract ices on 
a lf a l fa pas ture , and to utilizat ion of  gra in , tankage and a l fa l fa hay by both 
spr ing and fa l l  p igs . Feeding t r ia ls on pas ture compared the us e of e ither 
whea t  or corn as  the only gra in in otherwis e ba lanced rat ions. In two s ea s on ' s  
comparisons , p igs fed whe a t  ga ine d more rapidly and e f f ic ient ly than p igs fed 
corn. 
In 1943 a proj ect on swine breeding , feeding and management wa s init iated to  
s tudy me thods of ma inta ining a high-produc ing herd. A c los e d  herd of  Hamp­
shires  wa s us ed. This herd was ma inta ined as an inbred l ine through the 1953 
s ea s on ,  with the except ion of one outcros s in 1946. By 1953 inbreeding had 
been ra ised to  407. in the p igs , an average increase  o f  4% for e ach generat ion . 
Dur ing tha t s ame per iod s e le ct ions for the breeding herd were bas ed  on an in­
dex for tota l product iv ity. In s p ite o f  the ra ther r igid s e lect ion , l ivab i l ­
ity of  p igs and ind iv idua l growth rate decreased  as  the leve l of  inbreeding 
was ra ised . By 1953 ,  l ivabi l ity o f  the p igs was s o  low tha t  it was dif f icu lt 
to  ma inta in the l ine. Becaus e of  this dif f iculty the l ine was moved to  the 
ma in exper iment s ta t ion a t  Brookings . A lt hough this l ine was not a high pro­
ducer , it  was found to  be va luab le in a rotat ion cros s ing program . 
l An ima l unit months , one anima l unit for one month . F ive ewe s , or 10 
lambs or 1- 1/2 yea r l ing s teers are  cons idered one an ima l un it. 
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Current Lives tock Res earch 
After cons iderable s tudy of ways through which the res earch program could bes t 
serve l ives tock producers , a major revis ion started in 1960 . Changes made 
were general ly cons is tant with recommendat ions of the s tation ' s  advisory council . 
The purebred Corr iedale flock maintained on the s tat ion s ince 1942 was dispersed . 
The better Corriedale ewes were sold and thos e cons idered unsat is factory for 
purebred ewes were incorporated into a newly-formed cotmnercial  ewe flock . The 
Corriedale ewes along with Rambouillet ewes from the Antelope Stat ion were mated 
to Polled Rambouil let rams in 196 1 .  The following year more Rambouil let ewes 
were added to the flock and all  ewes were mated to Columbia rams . The current 
cotmnerc ial ewe flock is ut il ized in a genet ic s tudy as wel l  as in management 
and nutrit ion inves t igat ions . 
In 1961  the swine work was transferred to other s tate res earch units . Mos t  of 
the portable swine facilit ies were either sold or moved to other locat ions . 
Permanent swine facilit ies at the s tat ion are pres ent ly being used for sheep . 
A major change in lives tock work at Newell  was init iat ion of beef cattle re­
search in 1961 . A 16-lot exper imental unit was cons tructed and calf wintering 
trials and feedlot s tudies have been conducted . The Newell  beef cattle facili­
ties are open feedlots located on a s lope with a good shelterbelt  on the north 
s ide . No sheds are provided . 
The present Newel l  l ives tock research program inc ludes four on-s tat ion and 
three off-s tat ion projects conducted cooperat ively with private ranchers . 
Beef Ca ttle Nutrit ion: 
Beef cattle research , now in its fourth year , includes a s tudy 
of the effects of level of nutrit ion , rat ion compos it ion and methods of feeding 
on growth , development and feedlot performance . Part icular emphas is is given 
two general areas of beef production : winter ing beef calves and feedlot per­
formance of beef catt le . Cal f  winter ing s tudies have dealt with rat ion compo­
s it ion and level of nutrit ion as they affect w inter gains and pos t-winter 
performance , both on pas ture and in the feedlot . Feedlot s tudies have compared 
different concentrates to roughage rat ios and full  versus l imited feeding in 
finishing yearling s teers . S t ilbes trol implants , both in calves and yearlings , 
have been evaluated . 
High Concentrate Rat ions for W intering Calves : 
Wintering rat ions for beef calves are usually built around low­
cos t roughages , either winter range or hay . However , when hay supplies are 
s hort and high in price compared to grain , cons iderat ion may be given to sub­
s t itut ing grain for hay in calf wintering rat ions . The two trials reported 
here were conducted to evaluate the feas ibility of s ubs t ituting grain for all  
or part of the hay in  the wintering rat ion of weaned calves fed to gain 0 . 75 
to 1 . 25 pounds per head daily . 
1961-62 Tr ial :  
Forty-eight good to choice Hereford s teer calves averaging about 
425 pounds were as s igned to s ix lots of 8 calves each , three treatments with 
two lots per treatment . The exper iment s tarted November 6 and cont inued for 
196  days . 
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W inter rat ions were: (1) a l l  hay , (2 ) 75% hay - 25% bar ley , and ( 3 )  50'7. hay 
- 50% barley. The hay was approxima te ly a 50-50 mixture of a l fa lfa and pra ir ie 
hay , fair to good in qua l ity and coarse- chopped. The a l l-hay ca lves were fed  
to ga in 0. 75 to 1. 00 pound per head  da ily. For those ca lves rece iving gra in , 
bar ley was subst ituted  for hay in the rat ion on the basis o f  tota l d igest ible 
nutr ient (TON ) cont ent , 1 pound of barley rep lacing about 1 . 65 pounds of  hay. 
After  the winter tr ia l  ended , steers were summered on grass at Fort Meade 
from May 21 to  October 8 ,  a per iod of 140 days. 
Per formance of t-he steers dur ing the winter per iod and the following summe r 
graz ing season is summar ized in table 1. W inter  ga ins were sl ight ly grea ter 
for the gra in- fed  ca lves , with l ittle dif ference between groups fed  2 5% or 50% 
barley. Feed costs per 100 pounds o f  winter  ga in were a lmost the same for a l l  
groups when hay was va lue d a t  $20 per t on and bar ley at  $ 2  per hundredwe ight. 
On the basis of feed require d per 100 pounds of ga in , 100 pounds of  bar ley was 
equa l to 208 pounds of mixed hay. 
Summer ga ins on pasture were simila r  between winte r  treatment groups. Steers 
wintered on a rat ion cont a ining 2 5% barley ga ined sl ight ly more on pasture. 
However ,  the dif ferences were sma l l  and indica ted  that restr ict ing the amount 
of a high energy feed apparent ly did not a f fect subsequent per formance of the 
cat t le. 
1962-63 Tria l: 
N inety- three Here ford steer ca lves averaging approxima t e ly 400 
pounds were a l lot ted  to four treatments , two lots per treatment. The exper i­
ment started De cember 6 and cont inued for 140 days. The rat ions were: (1)  
a l l  hay , (2)  two-thirds hay and one-third barley , (3)  one- third hay and two­
thirds bar ley , and (4) a l l barley. 
The hay was est imated  t o  be about 60% good qua l ity pra ir ie hay and 40% a lf a l fa 
hay ,  choppe d and mixed . The a l l-hay ca lves were full- fed. For those groups 
rece iv ing gra in , the subst itut ion of gra in for hay was made on the basis o f  
est imated ne t energy content , 1 pound o f  barley replac ing about 1. 85  pounds o f  
mixed hay. Steers wintered o n  bar ley a lone were f e d  some hay for the f irst 
two weeks of t he tr ia l to ge t them on the a l l -bar ley rat ion. 
F o l lowing the winter  t r ia l , ha l f  of the ca lves were turned to grass whi le the 
others were p laced in the feedlot to eva luate  e f fects of winter treatment on 
subsequ�t performance under two different mana gement systems. The st eers 
sent t o  summer pasture ran together for 148 days. Steers p laced in t he feed­
lot were f in ished on a mixed rat ion conta ining 80% rolled  barley and 20% hay. 
The bar ley fed  in a l l  t r ia ls , winter ing and feedlot , was steam rolled  with 
1500 I.U . of  vitamin A added per pound. In 1962-63 molasses was added to the 
bar ley a t  the rate  o f  5% . No prote in supplements were  fed  in e ither the win­
t er ing or feedlot t r ia ls. Per iodic ana lysis of the fe eds indicated  tha t a l l  
rat ions conta ined a de qua te leve ls o f  crude prote in. Trace miner a l  sa lt  and 
sa lt-bonemeal  or a sa lt-bonemeal- ground l imestone mixture were prov ided free­
choice. 
W inter ga ins and feed  costs , summer feedlot ga ins and summer pasture ga ins are 
shown in table 2. There were only sma l l  differences in rate  of ga in among the 
treatment groups. Ca lves fed  a rat ion of one - third hay and two-thirds bar ley 
ga ine d slight ly more.  
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Feed  cos ts  per pounds o f  ga in favored hay- fed ca lve s  with the cos ts be ing 
h ighe s t  for the calves fed a l l  barley. Feed cos t s  were s omewhat lower t han 
thos e in the preceding tria l .  D i f ferences obs erved betwe en t he two t r ia ls in 
this respect may be due , in par t , to  dif ferences in qua l ity of  hay , leve l of 
feeding and length of  the w inter feeding per iod . On the bas is of  feed requ ir­
ed per 100 pounds of ga in , 100 pounds of barley was equal to  186 pounds of 
mixed hay in this t r ia l .  
As might norma lly be expecte d ,  the ca lves  tha t  ga ine d the mos t dur ing the w in­
ter showed the le as t ga in t he fol low ing s ununer. Differences in winte r  ga in 
were generally off set  by dif ferences in s ummer ga in. Tot a l  ga in for winter 
and summer (pas ture or feedlot ) s light ly favored  the hay- fed ca lves . Among 
the s teers  placed in the feedlot immediately following the winter tr ia l , the 
ca lves w intered on hay a lone showed a 27-pound advantage in tota l ga in compar­
ed t o  ca lves fed bar ley a lone . The s e  results are  bas ed  on s ma l l  numbers ; how­
ever , there appeared t o  be no ma j or inf luence of  winter  rat ion on feedlot or 
pas ture performance except as  the winter rat ion a f fected we ight and cond it ion 
of the ca t t le . 
Summary o f  Both Tria ls on W inter ing Ca lves on High Concentrate Rat ions: 
No dif f icult ies were encountered with feeding barley as  a s ub­
s t itute for hay on a TON bas is , or as  a subs t itute on an e s t imated net average 
bas is. The ca lves  adapted quickly to  the a l l-bar ley rat ion and a l l  r a t ions 
were  readily cons umed with no not iceable dige s t ive dis turbance. 
Results ind icate  tha t bee f ca lves  can be wintered s a t is factor ily by s ubs t itut ­
ing bar ley for part  or a ll o f  the hay in winter ing rat ions with no det r imenta l 
e f fects  on winter ga in provided the barley is proper ly s upp lemented with v ita­
min A and minerals .  Cons ide r ing only w inter  ga ins , the s e  replacement va lues 
indicate  tha t , under s imilar condit ions , bar ley is worth approximate ly 1 . 95  
t imes the va lue of  a pra irie hay-a l fa lfa  hay mixture conta ining 40% to 50% 
a l fa l fa.  This can be us ed  in eva luat ing the economy of  subst itut ing bar ley 
for hay in ca l f  rat ions . When  cos t of hay becomes much greater  than ha l f  the 
pr ice o f  bar ley , it s hould be economica l to  feed  bar ley providing facilit ies , 
labor , and type o f  winter management program a re suit e d  to  l imited gra in feed­
ing. 
Summe r pas ture ga ins were incons is tent be tween the two tr ia ls.  In  one t r ia l  
sutmner ga ins favored the gra in- fed ca lve s , while in the other t r ia l  thos e 
ca lves fed hay a lone dur ing the w inter ga ined faster  the following s ununer on 
gras s .  However ,  average dif ferences in summer ga in for the two tr ia ls were not 
large and s hould not grea t ly a f fect the economy of s ubs t itut ing gra in for hay 
in ca l f  w inte r ing rat ions . 
Supplement a l  Gra in and Sorghum in Calf  W inter ing Rat ions: 
Leve l o f  winter feeding and the relat ions hip be tween winte r  and 
summer ga ins in young cat t le have been s tudied by s evera l re s ea rch workers.  
Mos t  exper iments on leve l o f  wint er feeding indica te tha t pas ture ga ins of  
year l ing catt le are negatively correlated with the ir previous winter  ga in. A 
cons iderat ion o f  the inf luence which winter ga in has on tota l ga in (winter 
p lus summer)  is perhaps o f  greater concern to  mos t ca t t lemen. Research results  
on t his relat ions hip have been incons is tent . 
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Another consideration of interest to cattlemen wintering beef calves is com­
position of relatively high-roughage wintering rations . Considerable inter­
est has been expressed by stockmen, particularly in or near  the irrigation 
projects, in the use of silage in growing rations . Questions most often 
raised deal with performance of calves on silage and efficiency of gains on 
high-silage rations . 
Objectives of this study were: (l) To determine the influence of energy 
level on rate a�d efficiency of winter gain of weaned calves . ( 2 )  To determine 
the influence of rate of winter gain on subsequent summer gains, both on pas­
ture and in the feedlot . (3) To evaluate the feeding value of sorghum silage 
for wintering beef calves on two levels of energy . 
Ninety-six good to choice Hereford steer calves averaging about 415 pounds 
were randomly allotted to four treatments, two lots per treatment . The experi­
ment started November 2 7  and continued for 145 days . The steers were initially 
split into high and low energy groups . The high energy group received 5 pounds 
of rolled barley per head daily while the low energy group received no supple­
me ntal grain . Half of each energy group was fed sorghum silage . The treatment 
combinations were: (1) all hay, (2) hay and sorghum silage, (3) rolled barley 
and hay, and (4) rolled barley, hay and sorghum silage . 
All calves were started on hay with grain and silage being added slowly in the 
appropriate lots . For those groups receiving grain , daily barley allowance 
was raised to 5 pounds per steer and maintained near that level for the entire 
feeding period . Calves receiving silage were raised to 20 pounds per hea d 
daily following an adaptation period and were fed this level for most of the 
feeding period . 
Barley was steam rolled with Si. molasses added and fortified with 1,500 I . U .  
of vitamin A per pound . Hay fed was estimated to be about two-thirds good 
quality prairie hay and one-third alfalfa hay, chopped and mixed . Sorghum 
silage was a forage variety, 70'7. moisture, 2 . 3i. crude protein, and fair in 
grain content . It was stored in an open pit with concrete sides and bottom , 
covered with plastic . No protein supplements were fed in either the wintering 
or subsequent feedlot trials . Trace mineral salt and a mineral mixture were 
provided free-choice . 
After the winter trial ended, each treatment group was randomly divided and 
half of each turned to pasture . The remaining steers were pla ced in the feed­
lot and finished for market . Steers were on summer pasture for 138 days . The 
feedlot steers were finished on a m ixed ration containing about 80'7. rolled bar­
ley and 20% hay . 
Results of Experiment : 
Rate and efficiency of winter gain and subsequent performance 
of the cattle, both on pasture and in drylot, are summarized in table 3 .  Calves 
fed winter rations containing approximately 5 pounds of barley gained just over 
1 . 5  pounds per head daily while the calves fed no grain averaged about 1 . 0  
pound per head daily . Calves wintered on grain and hay gained slightly faster 
than those fed grain, hay and silage . However, because of an apparent error 
in calculating daily feed allowances, the high energy groups receiving no sil­
age were fed about 0 .5 pound more barley per head daily . This could well be 
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responsib le for the slight increase in gain . The addition of  silage to the 
low energy rations did not influence daily gains . 
In terms of winter gain and feed required per 100 pounds of gain , 2 . 75 pounds 
of sorghum silage was equivalent to l pound of hay . Feed costs per 100 
pounds of gain did not differ greatly among the treatment groups � being 
slightly higher for the low energy groups . No difficulty was encountered in 
feeding sorghum silage at these levels . It was consumed readily throughout 
the course of the experiment . 
Rate of gain during the sunnner , both on pasture and in the feedlot , was sig­
nificantly influenced by rate of winter gain . The groups that gained fast­
est during the winter made the least gain during the suanner . Steer calves 
receiving grain gained 81 pounds more during the winter than calves receiv­
ing no grain . On summer pasture the grain-fed calves gained 48 pounds less 
and in summer feedlot 52 pounds less , compared to calves that had received 
no grain . However , it should be noted that , despite an apparent negative re­
lationship between winter and summer gains , increased winter gains resulted 
in increased total gains (winter plus suumer) under both management systems . 
Concentrate to Roughage Ratios for Finishing Yearling Steers: 
In recent years , considerable interest has been shown in concen­
trate rations . Norma l ly ,  good quality a lfalfa hay and other roughages are 
produced in ample quantity in western South Dakota irrigated areas and in some 
years feed grain supplies are abundant . Yearly variation in types of feed 
available emphasizes the importance of f lexibility in feeding programs . Know­
ledge of the effect of a particular ratio of  concentrate to roughage on the 
rate and economy of gain is important to the cattle feeder in this area. 
This two-year study was to determine effects of different concentrate-to­
roughage ratios on rate and efficiency of gain and carcass grade of the 
finished steers . 
During the winter of 1962-63, 48 yearling steers were randomly allotted to 
eight lots, four treatments with two lots per treatment . Average initial weight 
of the steers was about 795 pounds . Rations fed were: (1) 501 barley, ( 2 )  65% 
barley, ( 3 )  80% barley, and (4 ) 95% barley . The balance of the rations was a 
mixture of about 60% good quality prairie hay and 407. alfalfa . The barley was 
steam rolled with 1,500 I . U .  vitamin A added per pound . This trial was re­
peated in 1963-64, except for the ration containing 50'7. hay .  Animals were fed 
the same in both trials . Steers were marketed by treatment group at average 
weights of 1, 150 pounds . Length of feeding period varied from 129 days for the 
higher grain groups to 161 days for steers fed 50% roughage . All  lots were ful l­
fed . Steers in both trials were provided trace mineral salt and a salt-bone­
meal-ground limestone mixture free-choice . 
Results of the trials are summarized in tab le 4 .  Daily gain increased as the 
amount of grain in the ration increased, with the largest difference being 
between rations containing 50% and 65% barley . Feed costs per 100 pounds of 
gain slightly favored the highest concentrate ration . No differences in 
carcass grade were found between treatment groups . 
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Full vs. Limited Feeding: 
Objectives of this experiment were to compare full-feeding and 
limited and limited-feeding of yearling s teers in drylot as to (1) liveweight 
gains, (2) efficiency of  feed utilization, (3) carcass grade, (4) outside fat 
cover, (5) ribeye area, and (6) return over cos t of the animals and feed. 
The experiment during the summers of 1963 and 1964 used 88 short yearling steers. 
All s teers were fed a mixed ration containing approximately 80% rolled barley 
with vitamin A added. The limited-fed groups received about 85% of the amount 
consumed by the full-fed groups, adjus ted for differences in liveweight. The 
s teers were marketed by treatment groups at 1, 100-1, 150 pounds. 
Performance of the s teers is sunmarized in table 5. Rate of gain was sub­
s tantially higher for the full-fed s teers in both trials. Feed costs per 100 
pounds of gain favored the full-fed groups slightly in the firs t trial while 
the reverse was noted in the second trial. Relatively little difference was 
noted in carcass grade and the differences were inconsis tent between the two 
trials. The full-fed steers averaged higher in outside fat cover in both trials. 
Ribeye area was greater for limited-fed s teers in the first trial and for full­
fed s teers in the second trial. Net return per s teer was greater among full-
fed steers in 1963 but showed a slight advantage for limited feeding in 1964. 
Considering both trials, no consistent differences were found in efficiency of 
feed utilization, carcass grade, ribeye area, or net return. Full-fed s teers 
gained fas ter, finished earlier and had more outside fat cover. 
S tilbes trol Implants for Feed Cat tle 
Experiments  are being conducted to further evaluate influence of 
s tilbes trol implants  on performance of young, growing Hereford steers. The ex­
periment is now in the third year. This report covers the first two year ' s 
w ork and summarizes the performance of 224 s teers. 
During each of the two years, half of the steers were implanted with 12 mg. of 
s tilbestrol shortly after weaning to es timate the effect on winter gains and 
subsequent performance, both on grass and in the feedlot .  Of s teers placed on 
pas ture each spring, half of each winter treatment group was implanted with 24 
mg. of stilbestrol. In this manner, calves pastured following the winter trials 
were divided into four treatment groups : (1) no implant, (2) 12 mg. implant 
in the fall, (3) 24 mg. implant in the spring, and (4) 12 mg. (fall) plus 
24 mg. (spring). All s teers placed in the feedlot following the winter period 
were implanted with 24 mg. of s tilbestrol. 
Winter and summer pas ture performance of the cattle are summarized in table 6. 
A 12 mg. implant shortly after weaning increased winter gains by 157. in the 
first trial and 24% in the second, with no apparent adverse effect on sub­
sequent summer pas ture gains. The fall implant appeared to increase gains the 
following summer, 9% in the first trial and 5% in the second trial. 
S teers implanted in the spring with 24 mg. of s tilbes trol made the greates t 
summer gains. There appeared to  be no advantage to  implanting both fall and 
spring. Total winter and summer gains of those s teers implanted only in the 
fall compared favorably with the gains of steers implanted only in the spring 
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and steers implanted both fall and spring , and exceeded gains of the control 
calves by 14%. 
Subsequent feedlot gains were slightly lower and carcass grade was slightly 
higher for those steers implanted with 24 mg. of stilbestrol in the spring. 
The influence of spring stilbestrol implants on feedlot performance the 
following fall appeared to be quite small and of little practical importance. 
For the steers placed in the feedlot immedia tely following the wintering 
trial, results are summarized in table 7 .  An implant with 12 mg. of stilbestrol 
a t  the beginning of the winter feeding period increased winter gains 20% 
in the first trial and 7% in the second trial with no adverse effect on sub­
sequent feedlot performance. 
Sheep Research 
A small flock of grade western ewes is maintained on the sta tion and utilized 
in a genetic study as well as for management and nutrition investiga tions. 
Influence of Heredity in Sheep Production: 
Da ta have been collected during the past two years in a study 
of heredity intluence on economically important traits of sheep. Objectives 
of this study are: 
(1) To estima te influence of heredity and environment on growth ra te 
and carcass characteristics of sheep. 
(2) To evalua te rela tionship among various live animal and carcass 
characteristics. 
Each fall ewes in this study are randomly allotted to breeding groups and are 
bred to 6 rams. Rams remain in the breeding pastures about six weeks. For the 
remainder of the year the ewes are run in one group. A random half of the male 
lambs born are castra ted so that within each sire group, performance da ta are 
collected on ram, wether, and ewe lambs. The progeny are finished for market 
in the station feedlots and slaughtered a t  the Sta te University Mea ts Labora tory 
where detailed carcass da ta are collected. 
The da ta collected to da te represent a small number of offspring and only 12 sire 
groups. Therefore, no analyses of the da ta have been made . 
Influence of Antibiotic Supplementa tion on Lamb Livability: 
Objectives of this study, initia ted in the spring of 1964, are 
to evalua te the influence on lamb livability of supplementing ewes with an 
antibiotic just prior to and following lambing. One hundred and thirty-seven 
pregnant ewes were arrayed by weight and randomly allotted to two groups . 
Beginning about six weeks before the start of lambing, half of the ewes were 
fed a daily grain supplement containing 60 mg. of aureomycin. The other half 
was fed the same supplement but without the antibiotic . Supplementa tion was 
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continued for 11  weeks. 
started about March 20. 
mentation. 
All ewes were shorn on March 9 and 10  and lambing 
Ewes were weighed at the beginning and after supple-
A summary of the effects of antibiotic supplementation is presented in table 8. 
Eleven percent of the lambs born in the control group died during the first 
month compared to a death loss of 3. 5% in the treated group. Antibiotic supple­
mentation did not affect body weight of the ewes. It is planned to repeat this 
experiment in 1965. 
Drylot Management of Sheep: 
This experiment, started in 1964 , is designed to study the prac­
ticality of drylot management of sheep under farm conditions and the problems 
associated with this type of management. Main objective is to estimate effects 
on conception rate and percentage lamb crop of ewes based on levels of nutrition 
from the time lambs are weaned until the following breeding season. 
After lambs were weaned , 122 ewes were divided into two groups. One group was run 
on fair to good summer pasture while the other was maintained in drylot on about 
2 pounds of poor quality hay per head daily. The trial started August 8 and 
ended early in October when the groups were combined and placed on a flushing 
ration of l pound of barley per head daily. All ewes were exposed to rams 
two weeks after flushing started. From August 8 until flushing started early 
in October , ewes grazed gained an average of 15 pounds per head compared to an 
average loss of 5 pounds per head for the drylot group. 
Data on conception rate and percentage lamb crop will be collected in the spring 
of 1965. This study will be continued for two or three years to provide 
reliable data for support of recommendations. 
Cooperative Field Testing Project 
A cooperative bull testing project supervised from Newell is conducted in coopera­
tion with ranchers and does not involve station land or facilities. This is part 
of Animal Science Project :/1167 , 1 'The Improvement of Beef Cattle Through Breeding , "  
and is concerned primarily with the study of heritability, genetic correlations 
among economically important traits of beef cattle , effects of inbreeding , 
and effects of selection on beef cattle performance. 
Young Hereford bulls produced in the inbreeding and selection study at the Ante­
lope station are leased to commercial operators for field testing. These bulls , 
one in each cooperator herd , are mated to a random group of cows and performance 
of the progeny is compared with progeny from other bulls in the test herds. At 
weaning time a sample of steer calves from each sire used in the cooperative 
project is purchased and finished for market in Experiment Station feedlots. 
Complete feedlot and carcass data are taken. The field testing proj ect has been 
in operation since 1955 and has been supervised from the Newell station since 
1961. 
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Grass Tetany Research 
Grass tetany is a metabolic disorder of ruminants and is bel ieved to be 
associated with a disturbance of magnes ium and/or calcium metabol ism . The 
disease has been reported in all clas ses of cattle . However, it is most 
frequently observed among lactating cows grazing new spring grass . Live­
stock losses from grass tetany are highly variable from ranch to ranch and 
between years .  In southwestern South Dakota substantial losses are en­
countered most years . 
A series of cooperative field trials with ranchers in Shannon County started 
in 1963 . Major objectives were : (1) to study effects of magnesium and calcium 
supplementation on the incidence of grass  tetany, and (2) to evaluate practi­
cal ity of supplying supplemental magnes ium and calcium to range beef cows . 
A total of five trials have been conducted over a two-year period on three 
different ranches, all of which had previous ly experienced grass tetany 
los ses . These trials involved more than 1, 000 beef cows . 
In each trial the individual herds were randomly divided into two groups 
about March 20 each year . One group of cows in each herd was fed a supple­
ment calculated to supply 6 grams of magnes ium and 12 grams of calcium per 
head daily . The remaining group, serving as control, was fed a s imilar 
supplement but without added magnes ium or calcium . All cows were fed from 
about March 20 to May 10 . In each trial the two groups grazed adjoining 
pastures considered to be s imilar with respect to the probable occurrence of 
grass tetany . The pelleted supplements, both control and treated, were 
readily consumed in all herds without noticeable scouring or other apparent 
digestive disturbances . 
A su111I1ary of grass tetany cases reported and incidence of death from grass 
tetany is shown in table 9. E ighteen cases, 11 fatal, of grass  tetany were 
reported among 5 05 cows in the control group . In the treated groups, total ing 
504 cows, only one case of grass tetany was observed . 
Animal Identification 
Individual identification of beef cattle is important in herds where production 
testing is used as an aid to selection . Permanent and practical means of 
identification among mature beef cows presents a particular problem . 
Work on animal identification is being conducted at Newell and in private 
beef herds in this area . Several types of identification are being evaluated . 
Major objective is to improve current methods of beef cattle identification . 
Preliminary results are encouraging; however, more work is needed before 
reconmendations can be made . 
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Table 1 .  High Concentrate Rat ions For Winter ing Calves 
75% Hay 
Treatment: All hay 25% barley 
No. animals 16 16 
Initi a l  shrunk wt . , lb� 427 426 
F inal shrunk wt . ,  lb� 5 7 6  592 
Av. gain , lb . 148 166 
Av. dai ly gain , lb . . 76 . 85 
Av. dai ly rat ion , lb . 
Hay 13 . 6  8 .9 
Barley 3. 0 
Feed/100 lb . '  w inter gain , lb. 
H ay 1 79 7  1048 
Barley 350 
Feed cost/100 lb. , winter gain , lb� $ 1 7 .97  $ 1 7 . 48 
Suunner gain on pasture , 140 days 
Av. gain , lb . 214 225 
Av. dai ly gain , lb . 1 . 53 1. 61 
Av. tot a l  gain (winter p lus sunnner) , 
lb. 362 391 
a 
Taken off water overnight , approximately 1 5  hours , pr ior to we ighing. 
b 
Feed prices used: barley @ $2/cwt. ,  hay @ $20/ton. 
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50% Hay 
50% barley 
16 
423 
592 
168 
. 86 
5. 1 
5 . 1 
592 
592 
$ 1 7. 76 
214 
1 . 5 3  
382 
Table 2 .  High Conc entrate Rations for Wintering Calves 
All  2 / 3  Hay 1 / 3  Hay All  
Treatment : hay 1 / 3  barley 2 / 3  bar ley barley 
No . animals 24 24 23 22  
Initial shrunk wt . ,  lb': 39 3 400 400 404 
Final shrunk wt . ,  lb': 561 565 582 5 75 
Av . gain , lb . 168 165 182 1 7 1  
Av . daily gain , lb . 1 . 19 1 . 18 1 . 30 1 . 2 3  
Av . daily ration , lb . 
Hay 14 . 4  7 . 7 3. 2 0 . 2  
Bar ley 3 . 8  6. 3 8.0  
Feed/ 100 lb . '  winter gain , lb . 
Hay 1202 602 255  26
c 
Barley 32 5 500 655 
Feed cost / 100 lb . ,  winter gain 
c 
$ 12 . 02 $ 12 . 52 $12. 55  $ 1 3  . 36 
Surraner feedlot gain , 198 days ( Drylot group) 
Av . gain , lb . 552  5 34 506 522 
Av. daily gain , lb . 2 . 80 2 . 7 3  2 . 58  2.66 
Summer p asture gain , 148 days ( Pasture group) 
Av . gain , lb . 261 254 2 35 242 
Av . daily gain , lb . 1 .  76 1 .  72 1 .60 1.64 
,. 
a Taken off water overnight ,  approximately 15 hours , p rior to weighing . 
b Hay fed for two weeks to  get the calves on the all  bar ley ration . 
c 
Feed prices use d :  barley @ $2/cwt . ,  hay @ $20/ton .  
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Tab le 3 .  Supplemental Gr ain and Sorghum Silage in Cal f Wintering Rations 
High Energy Low 
Treatment : Silage Hay Sil age 
No . animals 24 22 24 
Initial shrunk wt . ,  lb� 418 415 414 
Final shrunk wt . ,  lb� 639 647 555  
Days on feed 145 145 145 
Av . gain , lb . 221 232 141 
Av . daily gain , lb . 1 . 5 1 . 6  1 .0  
Av. daily r ation , lb . 
Hay 4 . 0  9 . 1 7 . 0 
Bar ley 4 . 7  5 . 3 
Silage 14 . 1  14 . 1  
Feed/100 lb . '  winter gain , lb . 
Hay 260 5 7 0  722 
Bar ley 306 331  
Silage 926 1460 
Feed cost/100 lb . ,  winter gain 
b 
$ 12 . 43 $ 12 . 33 $ 1 3  . 06 
Summer feedlot gain , 1 74 days (drylot group) 
Av . gain , lb . 428 442 480 
Av . daily gain , lb . 2. 46 2 . 56 2 . 7 6 
Summer pasture gain , 138  days ( p asture group) 
Av . gain , lb . 215 211 25 3 
Av . daily gain , lb. 1 . 56 1 . 53  1 . 84 
a 
Taken off water overnight , approximately 15 hours , prior to  weighing . 
b 
Feed prices used : b ar ley @ $2/cwt . ,  hay @ $20/ton . 
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Energy 
Hay 
24 
419 
568 
145 
149 
1 . 0  
13. 0 
1263 
$ 12. 63 
49 5 
2 . 84 
269 
1. 9 5  
Tab le  4. Concentrate to Roughage Ratios in Fattening Yearling Steers 
50% Barley 
Treatment: 50% hay 
No . animals 12 
a 
Initial shrunk wt. , lb. 794 
Final shrunk wt. , lb� 1189 
Av. days on feed 161 
Av. daily gain , lb . 2.45 
Av . daily ration 
Rol led b arley 1 3.3 
Hay 13.2 
Feed/100 lb. ,  gain , lb. 
Rol led b arley 543 
Hay 539 
Feed cost/100 lb. ,  gainb $ 16.2 5 
c 
Carcass grade 
a 
18.0 
65% Barley 
35% hay 
26  
797 
1 153 
1 36 
2.62 
16.5 
8.9 
630 
340 
$ 16.00 
18.4 
80% Barley 
20% hay 
2 7  
796 
1 147 
129 
2 .  7 2  
19. 3 
5 . 1  
7 10 
188  
$16.08 
18.4 
Steers off water overnight ( approx. 15 hours) prior to we ighing. 
Feed prices used: barley @ $2/cwt. , hay @ $20/ton. 
Av. good = 1 7 , av. choice 2 0 , av . prime = 2 3 . 
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95% Barley 
5% hay 
28  
792 
1 139 
129 
2.69 
20.7 
1 . 8 
7 46 
67 
$1 5.59 
18.5 
Table 5 .  Pul l  Vs . Limited Feeding in Finishing Yearling Steers 
19 63 19 64 
Treatment & Year: Ful l-fed Limited-fed Ful l-fed Limited- fed 
No . animals 22 20 24 22 
Initial shrunk wt . ,  lb .
8 
628 613 662 6 62 
Final shrunk wt . ,  lb . 
a 
1143 1156 109 7 1153 
Days on feed 177 219 155 194 
Av . daily gain, lb . 2 .92  2 . 46 2 . 81 2 . 5 3  
Av . daily ration, lb . 
Rol led barley 18 . 5  16 . 3  18 .8  16 . 3  
Hay 4 . 6  4 .1 4 .  7 4 .1 
Feed/100 lb . gain, lb . 
Rol l ed barley 635 6 64 670 645 
Hay 159 166 168 162 
Feed cost /100 lb . gain b $14 . 29 $14 . 94  $15 .08 $14 . 52 
Carcass grade c 18 . 7 18 . 2  19 . 3 19 . 5  
Outside fat , in . . 89 • 79 . 85  . 73 
Ribeye area, sq . in . 11 .8  12 . 2  12 . 2  11 . 4  
Gross return/steer $242 . 48 $236 . 65 $237 . 9 7  $247 . 5 7  
Average feed cost 73. 7 6  80 . 41 65 . 65 71 . 35 
Initial value /steer 144 . 32 142 .14 152 . 24 152 . 21 
Return- -animal and feed cost 24 . 40 14 .10 20 .08 24 . 01 
Steers off water overnight ( approx . 15 hours) prior to weighing . 
Feed prices used: barley @ $2 /cwt . ,  �ay @ $20/ ton . 
Av . good = 17, av . choice = 20, av . prime = 23 .  
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Table 6.  Effect of S tilbes trol on Winter and Subs equent Summer 
Pas ture Gains of Bee f Ca lves 
S t i l b e s t r o l 
Treatment: 0 12 mg. ( fa l l) 24 mg . (spring) 12 mg . +  24 mg. 
1962-63: 
Winter gain (140 days) , lb. 
Summer gain (148 days),  lb. 
Total  gain (288 days) ,  lb . 
1963-64: 
Winter gain (145 days) , lb. 
Summer gain (138 days) ,  lb . 
Tot a l  gain (283 days ),  lb. 
Avg . of two tria ls: 
Winter gain, lb . 
Summer gain, lb. 
Tota l gain, lb . 
150 
220 
370 
151 
218 
369 
150 
219 
369 
169 
239 
408 
203 
229 
432 
186 
234 
420 
152 
260 
412 
176 
258 
434 
164 
259 
423 
150 
242 
39 2 
202 
244 
446 
176 
243 
419 
Table 7 .  Effect of S tilbes trol Implant on Winter Gains and Subsequent 
Feedlot Performance of Beef Ca lves 
S t i l b e s t r o l 
Treatment: 0 12 mg . (fa l l) 
1962-63: 
Winter gain (140 days), lb . 
Feedlot gain (198 days),  lb. 
Tot a l  gain , lb . 
1963-64: 
Winter gain (145 days) ,  lb . 
Feedlot gain (175 days) , lb .  
Total  gain, lb. 
Avg . of two tria ls: 
Winter gain, lb . 
Feedlot gain, lb . 
Tot a l  gain , lb. 
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171 
528 
699 
176 
458 
634 
174 
493 
667 
206 
522 
728 
189 
467 
656 
197 
495 
692 
Table 8 .  Effect of Antibiotic Supplementa tion on Weight 
of Ewes and Lamb Livability 
Trea tment :  
No . anima ls 
Initia l wt . of ewes (2/11/64) , lb . 
Fina l wt . ,  of ewes (5/18/64) , lb . 
Change in wt . ,  lb . 
No . lambs born 
Lambs died firs t month 
Percentage morta lity 
60 mg . 
Control 
67  
142 
139 
- 3 
100 
1 1  
1 1 . 0  
aureomycin 
daily 
70 
139 
135 
- 4 
113 
4 
3 .5 
Table 9 .  Influence of Magnesium and Ca lcium Supplementa tion 
on the Incidence of Grass  Tetany 
Ranch No . 
No . 
No . 
No . 
cows 
tetany cases c 
deaths C 
Con- Con-
trol Trea ted trol Treated 
190 190 295 294 
0 0 15 1 
0 0 8 1 
a Represents composite tota ls for 1963 and 
Cooperated in 1964 only 
c Diagnosed and reported by ea ch rancher 
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Con-
trol Trea ted 
20 20 
3 0 
3 0 
1964 
Ranches 
Combined 
Con­
trol 
505 
18 
1 1  
Treated 
504 
1 
1 
Ri\NGE AND IRRIGATED PASTURE RESEARCH 
J .  T. Nicho ls 
Range research at  Newe l l  is rela t ive ly new , beginning in t he spr ing o f  1963 
when a ful l t ime research invest iga tor was hired. As most of  the projects have 
been started s ince then , t hey have not been conducted  long enough to obta in con­
clus ive results. 
Addit iona l research is p lanne d which wil l encompass both irrigated  pastures on 
the sta t ion and nat ive ranges of surrounding areas. 
Irrigated  Pastures 
Eva lua t ion of Different Grasses for Irr igated  Pastures: 
Considerable interest has been indica ted  by ranchers and farmers 
of this area in deve loping e f f icient irr iga ted pasture systems. Limited infor­
mat ion is ava ilable on this topic , especia l ly in relat ion to the Pierre c lay 
soils which a re common to much of the area. 
In the spr ing of 1963 , e leven d i fferent species of  grass were p lanted on irr i­
ga ted  borders at  the Newe l l  F ie ld Stat ion with the follow ing obj ect ives in mind: 
1. Eva lua te product ion characte r ist ics o f  d i f ferent grasses. 
2. Compare forage production of grass a lone , grass with a lfa l fa , and 
grass with an annua l app l ica t ion of 100 pounds per acre of nitrogen. 
3 .  Deve lop season-long gra z ing systems for irr igated pastures. 
F ive rep l icat ions of each grass we re established  ior each of three trea tments: 
( 1) grass a lone , ( 2 )  grass in combinat ion wit h a l f a l fa , and (3) grass a lone 
with 100 pounds per acre of nitrogen app l ied  annua l ly. Irr igat ion wa ter was 
app l ied  as o ften as needed throughout the growing season. The p lots were har ­
vested during the 1964 growing season o n  June 2 4  and August 27. 
Tota l forage product ion for 1964 , shown in table l ,  indicates cons iderable di f ­
ference in product ion potent ia l o f  d if ferent grasses . Ree d  canarygrass produced 
the grea test amount of forage on both the fert i l ized and non- fer t i l ized  p lots 
and Russ ian wildrye t he least. 
App l ica t ion of 100 pounds of  nitrogen per acre increased forage product ion of 
a l l  species more  than 50 per cent compared to  unfer t i l ized  plots. All spec ies 
appeared to respond equa l ly we ll  to app l ica t ion of nitrogen. When dif ferent 
grasses were seeded  with a l f a l fa , average for age product ion was increased 44 
per cent over grass a lone , but was 14 per cent less t han grass a lone with 100 
pounds of  nitrogen per acre. A difference is evident in the ability of cert a in 
grasses to  produce when grown with a l fa l fa compared to  growing a lone. For ex­
amp le , Reed  canarygrass ranked as t he highest producer on bot h fert i l ized  and 
non- fert i l ized p lots , but was the second lowest producer when grown in compe­
t it ion with a lfa l fa. Other  grasses a lso changed the ir ranking in much t he same 
manner , suggest ing tha t  certa in grasses may produce better  when not seeded in 
comb ina t ion with a l f a l fa , whereas othe r grasses may be complemented or produce 
equa l ly we l l  by the addit ion of a l fa lfa.  Wheatgrasses , as a group , appeared  
t o  be t he most compat ib le with a l fa lfa . 
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Table 1. Average Y ie lds in Pounds Per Acre from Three Different Trea tments . 
Oven- dry Bas is.  Tota l of Two C l ipp ings , 1964 
Treatme nts 
Species  Gra s s  only Gra s s  + Nitrogen Gra s s  r A l fa l fa 
Rus s ian wildrye 1689 3400 559 9  
Cres ted wheatgrass  2338 5790 �012 
Orchardgras s 2354 6429 4939 
A lta  tall  fescue 3190 8372 5593 
Pubes cent wheatgras s  3410 6578 6453 
S lender wheatgrass  3530 7394 7854 
Intermedia t e  whe a t grass  3723 7004 6809 
Smooth brome 38 18 7344 5886 
Mea dow fescue 39 10 7845 5387 
Ta ll  whea tgrass  4271 6803 6467 
Reed canarygras s 5 128 9483 5213  
Average 2397 6986 6019 
With data  for only one year , no de f inite conclus ions can be ma de . Addit ional 
c l ipp ings a re p lanne d in 1965 to  closer approximate maximum product ion and to  
better s imula te graz ing cond it ions . Longevity of  s tands will  be  an  important 
cons iderat ion in future years. A ls o , da te of read ine s s  for gra z ing , amount o f  
regrowth , and per iod o f  maximum product iv ity w i l l  b e  given a ttent ion. 
Inf luence of F orage Species  and Land Deve lopment on Live s t ock 
Product ion from Irr igated Pas tures 
Recogniz ing the need  for addit iona l informa t ion concerning irr igated  pas tures , 
a s tudy s tarted in the spring of  1963 ha d these  obj e ct ives:  
1. Determine inf luence o f  land deve lopment on forage yie lds and l ives tock 
product ion from irr igated  pas tures. 
2. De termine economic feas ib i l ity of  bench leve l ing class  IV land on 
the Be l le F ourche pro j e ct and s imilar areas . 
3. Determine inf luence of  forage spec ies on y ie ld and l ives tock product ion 
from irrigated  pa s tures . 
4 .  Eva lua te economics of  irr igated pas tures  for l ives tock product ion. 
5. S tudy per formance of early and late s ea s on lambs on irr igated  pas tures . 
6 .  S t udy feas ibility  of  f attening lambs on irr igated  pas tures. 
7. De termine e f fect o f  graz ing on subs e quent forage product ion. 
A l l  land was prepared for s eeding in the fa l l  o f  1962 and s eeded in the spr ing 
of  1963 to  a brome- orchard gra s s  mixture , both with and without a l f a l fa as a 
companion crop. Good s tands were es tab l is hed  on a l l  pas tures.  Pre l iminary data , 
pr ior to  init iat ing graz ing t r ia ls , were col lected in 1963 on the app licat ion of  
irr igat ion wa ter with the following conclus ions: 
1 .  Management of irr igat ion wa ter on the deve loped area re quire d cons id­
erably le s s  t ime and labor than on the undeve loped land. 
2 .  Four inches is near  t he minimum app licat ion tha t can be ma de on e ither 
deve lope d or undeve lope d land . 
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3 .  Benches s hould be as  near leve l as  poss ible w ith fa c i l it ies to  dra in 
wa ter if necessary. 
4 .  Ma intenance of escarpment and border r idges  are a ma j or concern. 
P lots were c l ipped in 1964 to e s t imate  fora ge product ion (table 2 ) . 
Table 2. Tons pe r Acre of F orage (Air- dry) Produced on D�ve loped 
Versus Undeve loped Land 
Deve loped 
Undeve loped 
Averages  
* One cl ipp ing 
Brome- orchard 
Mixture* 
1. 1 1  
1 .  37 
1. 24 
A lfa lfa -brome - orchard 
Mixture** 
2. 17 
2. 22  
2. 20 
** Two clippings 
Average 
1. 64 
1. 80 
Nega t ive results  a re indica ted for forage product ion of deve loped land compared 
to undeve loped land. Approx ima t e ly nine per cent more forage was produce d on 
the undeve loped land. The cut ting and filling requ ired for deve loping leve l 
benche s has ha d an adverse ef fect on the s oil. However , this s ituat ion s hould 
become les s  cr it ica l in the future as  s o il condit ions become more norma l. The 
gras s  mixture with a lfa lfa outproduced gra s s  a lone by 17 per cent when averaged 
over both deve loped and undeve loped land. However , the a lfa lfa - gras s  mixture 
was harve s ted  tw ice , compared to  once for the grass  mixture. Sufficient re­
growth of gras s  was not ma de to  warrant addit iona l cl ipping. 
Graz ing t r ia ls us ing s heep and/or ca t t le are s che duled to s tart  in the spr ing of 
1965 and will  encompas s  many of t he obj ect ives as out l ined previous ly. 
Range Re s earch 
Effects of N itrogen F er t il izat ion and 2, 4-D Appl icat ion on Recovery of Depleted 
Range on Dense Clay Range Site: 
As a result  of s everal dry years , p lus overgraz ing , t hous ands of 
acres of na tive range on the P ierre clay s o ils were in a depleted  condit ion by 
196 1. Much of the area was devoid of any kind of vegetat ion. Perenn ia l grasses  
were in a low s tate  of v igor and appeared to  be  dead  in  many cas es.  W i th abun­
dant prec ip itat ion , in t he spr ing of 196 2 , the range was occupied  pr imar ily by 
weeds which grew rap idly. Vege ta t ion on dens e clay range s ites  in good condi­
t ion is typ ica l ly compr ised of wes tern whe atgrass  with s ome green needlegras s .  
This s tudy wa s s tarted in the spr ing of 1963 to de termine i t  reduc ing weed com­
pe t it ion by spraying with 2, 4-D and adding nitrogen t o  encourage growth of 
perennia l gras s es , would provide the environment for a more rap id recovery of  
the range. 
The abundance of perennia l gra sses  in relation to weeds and y ie lds of forage 
were us ed as a measure of treatment effects.  Frequency of occurrence wa s us ed 
to  indicate the relative abundance of perennia l gras ses  and weeds .  Da ta  are ex­
pressed  as percent age frequency of occurrence. Yield  es t ima tes are expressed  a s  
pounds o f  oven-dry forage per acre. 
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The nitrogen (ammonium nitrate) treatments were applied on Marc_h 28., 1963, 
and the 2, 4-D treatments May 24, 1963 . Three replications of each of the 
following treatments were used: four levels of 2, 4-D (0, 1/2, 1, and 2 
pounds per acre of 2, 4-D equivalent) ;  and four levels of nitrogen (0, 30, 
60, 120 pounds of actual nitrogen per acre) . The treatments were applied 
in all possible combinations of 2, 4-D and nitrogen levels . 
The effects of 2,4-D and nitrogen treatments on the frequency of perennial 
grasses and weeds are shown in table 3 .  In 1963, sufficient time had not 
elapsed since treatment to permit grasses to respond significantly to either 
treatment . However, in 1964 grasses were increased in frequency approximately 
25 percent by application of  120 pounds an acre of nitrogen compared to no 
nitrogen, with correspondingly smaller increases with lighter nitrogen 
applications . A small increase was evident in the frequency of grasses due 
to 2,4-D application . 
Table 3 .  Percentage Frequency of Occurrence of Perennial Grasses and 
Weeds as Affected by Nitrogen and 2,4-D 
N I T R 0 G E N 
O(J: 300 60# 120# Average 
214-D 1963 1964 1963 1964 1963 1964 1963 1964 1963 1964 
Grasses 
0 7 .3 13 . 3  8 . 7  12 .5 10 . 8  19. 4  6 . 7  16 .5 8 . 4  15 . 4  
� 10 . 7 19 . 4  5 . 0  17 . 3  9 . 0  21 . 0  11 . 7 24 . 4  9 . 1  20 .5 
1 8 . 0  14 . 0  5 .2 18 . 8  12'.5 24 .2  8 . 7  20 . 2  8 . 6  19 .3 
2 6 .2  14 .0  6 .3  17 .5 7 . 7 18 . 8  8 . 8  19. 9  7 .3 17 .5 
Av . 8 .1 15 .2  6 . 3  16 .5 10 . 0  20 . 9  9 . 0  20.2  8 . 4  18 .2  
214-D Weeds1 Annual � Perennial 
0 18 . 8  1 . 0  20.5 0 . 8  21 .2  0 . 8  24 .8  2 .3 21 .3  1 .2  
� 6 .5 10.2  0 .2  10 .8  0 . 4  12 . 0  1 . 0  9 .9  0 .4  
l 2 .5 5 . 8  4 .2  0 .2  4 . 2  0 .2  4 . 2  0 . 1  
2 o . 8  0 . 6  2 .5 0 . 6  1 .5 1 . 3  0 . 6  1 .5 0 .5 
Av . 7 .2 0 . 4  9 . 8  0 . 4  9 . 4  0 . 4  10 .6 1 . 0  9 . 2  0 . 6  
The most effective control of weeds was with 2 pounds per acre of 2, 4-D which 
reduced weed frequencies by an average of 92 percent over the check in 1963 . 
One-half pound of 2,4-D per acre resulted in only a 59 percent reduction in 
weed frequencies, with l pound per acre ranking between these extremes . The 
1964 data has indicated that very little difference existed in the abundance 
of weeds regardless of 2, 4-D treatments, and that weeds were not sufficiently 
abundant to be influential in competing with the grasses one year after treat­
ment even in plots that had not been sprayed. 
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A sharp increase in frequency of perennial grasses, and an equally important 
decrease in the frequency of weeds from 1963 to 1964 indicates that the vege­
tation made a remarkable recovery irrespective of treatments . A much greater 
natural recovery is evident that can be attributed to either 2,4-D or nitrogen 
treatments alone or in combination. 
The effects of 2,4-D and nitrogen treatments on forage production are inconsis­
tant in many instances. The irregular pattern of grass cover and difficulty 
of sampling this spotty type vegetation can be attributed to these irregularities . 
However, in general, the averages for both 1963 and 1964 indicate that increases 
in perennial grass production could be attributed to  higher levels of nitrogen 
and 2,4-D treatments (table 4) . A substantial decrease in production was evident 
from 1963 to 1964 irrespective of treatments. 
Table 4 .  Yield in P ounds Per Acre of Perennial Grasses as Affected by 
Nitrogen and 2, 4-D Treatments 
Oven-dry Basis 
N I T R 0 G E N 
00 300 60# 120# Average 
2,4-D 1963 1964 1963 1964 1963 1964 1963 1964 1963 1964 
0 249 346 406 259 755 336 518 431 482 343 
� 412 361 459 304 522 393 1006 492 600 388 
1 497 398 739 346 992 497 842 517 767 440 
2 426 341 571 377 747 442 794 531 634 423 
Av . 396 362 544 322 754 417 790 493 621 399 
Range Renovation Methods on Dense Clay Range Sites 
Thousands of acres of native range were in poor range condition in the spring 
of 1962 due to drought and overgrazing . At that time, extensive areas of 
dense clay range sites were virtually devoid of any vegetative cover . 
Eight different renovation treatments were made in the spring of 1962 in an 
effort to determine which practices would increase the productivity of 
depleted ranges .  A summary of the different treatments are shown on the 
following page . 
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Species Implement Spacing Lbs. /A Mechanical 
No. seeded (inches) P. L.S. Treatment 
1 Check (no treatments) 
2 Sweetclover Broadcast 10 2.5 
3 Sweetclover Grass drill 10 2.5 
4 Pitting 
5 Western wheat- F lex-planters 36 1. 6 
grass 
6 Western wheat- F lex-planters 36 1.6 Pitting 
grass 
7 Western wheat- F lex-planters 36 1.6 Listing 
grass 
8 Western wheat- Grass drill 10 6. 0 
grass 
Each treatment was replicated 3 times. Three deferment treatments o f  grazing 
were also incorporated into the study, which will consist of 1 year, 2 years, 
and 3 years deferments from grazing. The 1965 data wil l  complete the 3 
years deferment. All plots were deferred the first year of  treatment in 1962. 
Pitting was accomplished with notched one-way disks which left pits 58 inches 
long, 4 inches deep, and 16 inches between pits spaced on 36- inch contours. 
The broadcast sweetclover was appl ied with a Nesbitt drill with the flex 
spouts hanging free. The drilled sweetclover was planted with a Nesbitt drill  
with presswheels and double-disks banded openers which placed the seed approxi­
ma tely 1- inch below the soil surface. Treatment number 5 was planted on 36-
inch centers using a John Deere tool bar with planters attached equipped with 
presswheels and double-disk banded openers. In treatments number 6 and 7,  
where seeding was done in combination with pitting and l isting, the seeding 
was in the bottom of the pits and furrows. Listing was 2 to 3 inches deep. 
Treatment number 8 was seeded with the Nesbitt drill. 
As a measure of treatment effects, plant frequency counts provided an index 
to the relative abundance of the different classes of vegetation which were 
grouped for convenience as perennial grasses and seeds. 
No data were col lected from plots which received pitting and l isting treatments 
either alone or in combination with seeding. Immediately following treatment, 
heavy precipitation was received which eliminated these treatments. Pitting 
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and listing initial ly effectively retarded runoff as expected. However, as the 
rains continued the pits and furrows silted full  or were eroded away. This 
also destroyed new grass seedlings within the furrows and pits. The western 
wheatgrass which was drilled without listing or pitting survived much better. 
It was evident that pits and furrows on dense clay range sites would not with­
stand repeated rains without a dense sod to protect such mechanical treatments 
from erosion. 
Table 5 gives a summary of plant frequency data. The frequency of perennial 
grass has not been increased significantly by the various renovation treatments. 
Planting of western wheatgrass with either the flex-planter or by Nesbitt drill 
has not resulted in a significant increase in grass frequency two years after 
treatment. Drilling of western wheatgrass resulted in good establishment as 
indicated by the increased grass frequency in 1963. However, by 1964 little 
difference was evident when compared with the check or nontreated plots. 
Natural recovery of the vegetation has been very rapid and general ly as effec­
tive as where treatments have been imposed. Deferment from grazing has resulted 
in an average increase of 22 percent frequency of perennial grasses compared 
to grazed plots . A greater benefit was derived from deferment than from reno­
vation treatments. 
Table 5. Average Percentage Frequency of Vegetation as Affected by 
Renovation Treatments and Grazed vs. Deferment Treatments 
1963 
Deferred* 
1964 
Grazed 1 
Year, (1963) 
Deferred* 
1963 
Deferred* 
1964 
Grazed 1 
Year, (1963) 
Deferred* 
1963 
Deferred* 
1964 
Grazed 1 
Year, (1963) 
Deferred* 
* Deferred since 
Clover 
Check Broadcast 
Western wheatgrass seeded 
Clover 
Drilled 
Flex- Nesbitt 
Planter Drill  
Perennial Grasses 
7. 6 8. 9 9.2 7. 6 13.3 
27 . o  29. 3 26.3 27. 0 24. 0 
39. 9 34. 3 26. 4 38. 1 42. 6  
Clover 
Data not available 
47 . 0 46. 7 
23. 0 39.2 
Weeds 
17.8 17 . o  16. 1 18 . 8  17.5 
13. 0 o .  7 1. 0 15 . 3  17 . o  
8. 6 10. 6 4. 0 6. 9 8. 0 
initiation of study. 
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A good stand of clover was obtained by both drilling and broad-casting . 
Competition from clover with native grasses does not appear to be detri­
mental . Clover by its biennial growth habit must reseed itself every two 
years to maintain a stand . This was accomplished effectively in the spring 
of 1964 . Frequency data suggest this may have been accomplished more 
effectively when grazed than under complete deferment (table S) . Yield 
data suggest much the same relationship (table 6) . 
Effects of treatments on forage production were not significantly different 
from the check except for plots which were seeded to clover (table 6) . 
Total forage produced on these plots average 2,687 pounds per acre more 
than the check in 1963 but only SS pounds per acre more in 1964 (both 
deferred) . Where grazing had occ urred in 1963, the 1964 data indicates 
a considerable increase in clover production over the deferred . Average 
production was lower in 1964 regardless of treatments. Deferment from 
grazing did not increase production considering all treatments . Results 
are inconsistent for production estimates in relation to deferment . 
Table 6 .  Forage Production in lb . /A as Affected by Range Renovation 
Method and Grazing vs . Deferment Treatments 
Deferred* 
Grazed 1 
Year, (1963) 
Deferred* 
Check 
864 
507 
779 
Oven-dry Basis 
Western wheatgrass seeded 
Clover Clover Flex- Nesbitt 
Broadcast Drilled Planter Drill 
2933 3456 832 900 
1125 1308 550 703 
87 1 7 9 6  562 920 
* Deferred since initiation of study . 
EGG LAYING TRIALS 
Egg laying trials are carried on at the Range Field S tation, 
at the u.  S .  Irrigation and Dryland Field S tation at Newel l .  
reported in the sec tion on Cottonwood . (See page 5 9  ) 
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Cottonwood, and 
This work is 
A STUDY OF THE INFLUENCE OF ARSENICALS ON THE GRCMTH DIFFERENTIAL 
OF SEVERAL GRASS SPECIES 
Harry A. Geise 
The purpose of this study, begun in November 1963, is to isolate certain 
growth responses which previously have been observed. This response has been 
primarily with western wheatgrass and has occurred where Pax had 'been applied 
to the soil. 
Pax is an insecticide which is a mixture of several arsenic compounds. It is 
sold connnercially for the control of crabgrass in established lawns. 
Treatments used in this study consisted of several inorganic fertilizers and 
a crabgrass chemical, as well as pure arsenic trioxide. 
Forage samples were harvested in August 1964 to determine total production and 
the ratio of western wheatgrass to other species. These species consisted of 
green needlegrass, smooth bromegrass, crested, intermediate, and tall wheat­
grass, and several broad-leaved weeds. The results are shown in the following 
table and are expressed as the percent of the check or untreated plots. 
Influence of Arsenicals on Growth Differential 
Treatment 
Check 
35-0-0: Fall Application 
Spring Application 
70-0-0 
0-35-0 
0-0-35 
PAX 
PAX + 70-0-0 
AS203 (Spring Application) 
AS203 + 35-0-0 
(Spring Application) 
Percent of 
Check Plot 
100 
173 
115 
197 
106 
110 
159 
229 
72 
132 
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Remarks 
Untreated plot consisted of 95% 
western wheatgrass and 5% other species. 
Increased total production without 
change in ratio of species. 
Increased total production with 8% in­
crease of other species and a decrease 
of western wheatgrass. 
Increase total production without 
change in ratio of species from check 
plot. 
Slight increase over check area with 
2% increase in ratio of western wheat­
grass to other species. 
Slight increase in total production, 
no change in ratio of species from 
check plot. 
Increase in total production, with a 
slight decrease in % of western wheat­
grass. 
Increase in total production with an 
increase of 6% in ratio of other 
species to western wheatgrass. 
Decrease in total production with ratio 
of western wheatgrass (88%) and. other 
species (12%) changing from check plot. 
Increase in total production with ratio 
of species similar to check plot. 
' 
CROP PERFORMANCE TESTING 
J .  J .  Bonnemann 
Per formance trials with spring smal l  grains and grain sorghum were conduc ted 
at Newel l  in 1964 . The smal l  grain trials were conduc ted with and without 
supplemental moisture as gravity irrigations. The grain sorghum trial was 
conduc ted only under dryl and conditions. Resul ts presented below are from 
Experiment S tation Circulars 165 and 167 : "1964 Small  Grain Per formance Trials" 
and "1964 Grain Sorghum Per formance Trials . "  The grain sorghum yields were 
seriously reduced because of bird damage and drought . 
STANDARD VARIETY OAT TRIALS, DRYLAND, U.  S .  NEWELL FIELD STATION, 
NEWELL, 1959-1964 
1964 
Variety 1959 1960 1962 1963 1964 1959-64
a Test Wt . 
Average Yields , bushels per acre lb /bu 
Mo . 0-205 5. 9 23 . 3  88 . 3  82 . 4  46 . 6  49 . 3  36 . 5  
CI 7454 44 . 4  34 . 5 
Brave 41 . 3 35. 0 
Rodney 89 .2  74. 0 40 . 5  37 . 0  
CI 7679 38 . 8  34 . 0  
Clint land 64 38 . 5  36 . 0  
Ortley 76 . 8  38 . 3  38 . 0  
Minhafer 3 . 8 24 . 6  79 . 5  81 . 3  38 . 1  45. 5 34. 5 
AuSab le 7 7 .  8 37 . 9  39 . 0  
Neal 79 . 7  90 . 1  37 . 1  35. 0 
Coachman 108 . 9  36 . 1 37 . 0  
Dupree 6 . 0 28 . 1  83 . 3  92 . 0  36 . 0  49 . 1  35. 0 
Dodge 76 . 8  89 . 4  35. 1 37 . 0  
Lodi 98 . 4  34 . 8  35. 0 
Clint land 60 6 . 5 20 . 6  73 . 5 88 . 7  34 . 4  44. 7  36 . 0  
Cherokee 75 .2  90 . 9  34 . 3  35. 0 
Andrew 5. 4 26 . 4  7 8 . 9  93 . 5  34 . 3  47 . 7  36. 5 
Tippecanoe 33 . 1  37 . 0  
Burnett 90 . 7 89 . 6  32 . 7  37 . 5  
Nodaway 32 . 6  37 . 0  
Bonkee 81. 3  32 . 4  36 . 0  
CI 7463 31. 9 39 . 0  
Nehawka 5. 4 22 . 1  7 0 . 1  86 . 9  31 . 9 43 . 3  35. 0 
Portage 87 . 4  31. 8 35. 5 
Garry 85.2 87 . 7  31. 4  35. 5 
Garland 65. 7 27 . 4  35. 0 
Putnam 61 25. 5 35. 0 
Mean yield 35. 5 
LSD . 05 N. S .  N. S .  11 . 5 22 . 3  N. S .  
1964: Date of Plant ing - 4/ 15/ 64 
a - 1961 failure due to drought Date Harvested -7/ 28/ 64 
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STANDARD VARIETY. OAT TRIALS , I RRIGATED, U .  S .  NEWELL FIELD STATION, 
NEWELL, 19 60-1964 
Variety 
Brave 
CI 7679  
Andrew 
Dupree 
Lodi 
AuSab l e  
Clintland 64 
Mo . 0-205 
Cl 7454 
Ort ley 
Clint land 60  
Minhafer 
Newton 
CI 746 3  
C I  7 9 78 
Dodge 
Tippecanoe 
Coachman 
Portage 
Rodney 
Burnet t  
Garry 
Neal 
Garland 
Bonkee 
Goodfield 
Nehawka 
LSD . 05 
1960  1961  1 962 1963 19 64 
Average Yields , bushels  per acre 
94 . 1 
87 . 3  
83. 6 
80. 3 
86 . 4  
98 . 8  
7 9 . 9  
9 7 . 0 
7 6 . 5  
84 . 5  
9 . 0  
8 . 2  
7 . 0  
8 . 3  
10 . 4 
8 . 2 
8 . 9 
11 . 8 
9 . 3  
8 . 5  
7 . 1 
Mean yield 
6 . 4  N. S ,  
7 9 . 1 
60 . 5  
59 . 4  
6 7 . 3  
6 7 . 6  
7 6 . 1 
6 0 . 0 
66 . 5  
7 0 .  6 
94 . 0 
64 . 1  
N . S .  
83. 7 
80 . 7 
85. 6 
9 0 . 8 
7 9 . 0  
86 . 8  
86 . 4  
69 . 1  
82 . 4  
94 . 8  
81 . 5 
88 . 7 
93. 1 
89 . 3  
85. 0  
74 . 0 
66 . 5  
63. 6 
68 . 4  
66 . 1  
64 . 1 
62 . 3  
6 1 . 1 
60 . 7 
59 . 8  
59 . 7 
59 . 3  
58 . 1  
57 . 5  
57 . 1  
56 . 8  
56 . 5  
55 . 6  
53. 8 
52 . 6  
52 .  0 
51 . 8 
51. 4  
51 . 3 
48 . 1  
46 . 8  
46 . 8  
46 . 2 
46 . 1  
43. 9 
55 . 3  
13. 8 N, S .  
1960-64 
6 1 . 3 
58 . 7 
6 0 . 5  
56 . 5  
57 . 6  
6 0 . 5  
62 . 9  
52 . 6  
1 9 64 
Test  Wt . 
lb /bu 
36 . 5  
35 . 5  
35 . 5  
36 . 5  
35 . 0  
39 . 5  
36 . 0  
37 . 5  
34 . 0  
38 . 0  
36 . 5  
36 . 0  
36 . 5  
39 . 0  
36 . 0  
38 . 0  
36 . 0  
38 . 5  
37 . 5  
37 . 5  
37 . 5  
36 . 5  
36 . 0  
36 . 0  
37 . 0  
36 . 5  
35. 0  
1964: Date Planted - 4/15/64 ; Date Harvested - July 28 . 
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variety 
Trail l  
Betzes 
Otis 
Trophy 
Liberty 
Larker 
Fee bar 
Spartan 
Custer 
Plains 
Kindred 
Parkland 
LSD 
Variety 
Trail l 
Trophy 
Custer 
Betz es 
Liberty 
Spartan 
Larker 
Otis 
.05 
Fee bar 
Plains 
Parkland 
Kindred 
LSD . OS 
STANDARD VARIETY BARLEY TRIALS , DRYLAND,  U . S. NEWELL FIELD STATION , 
NEWELL , 196 2 - 1964 
1964 
1962  1963 1964 196 2 -64 Test Wt . Statistical 
Average Yields , bushels per acre lb/bu Significance 
47 . S  41 .9  34 . 6  41 . 3  49.0 
5 1 . 6  40 .0 31 . 2  40 .9  so .a 
48 . 2  32 . 1  27 .9 36 . 1  48 . S  
45 . 1  36 . 8  27 . S  36 . S  49 .0 
56 . 2  39 . 7  27 . 1  41 .0 48 .0 
54 . 2  35 . 8  26 . 9 39 .0  50 .S  
37 . 8  34 .4  25.S  32 . 6  46.0 
47 . 6  43 . 3  25 . 3  38 . 7  5 1 .0 
41 . 1  33 . 7  23.3  32 . 7  47 .0  
49 . 4  30 .4  23 . 2  34 . 3  49.0 
33 . 6  30 . 7  22 . S  28 .9 48 . S  
44 . 3  34 . 2  20 . S  33 .0 50. 5 
Mean yield 26 . 3  
8 .4 N . S .  6 . 2 1964:  Date P lanted - April 15 
Date Harvested - July 2 7  
STANDARD VARIETY BARLEY TRIALS , IRRIGATED , U . S. NEWELL FIELD 
STATION , NEWELL , 196 2 - 1964 
196 2 1963 1964 196 2-64 
Average Yie lds , bushels per acre 
1964 
Test Wt . 
lb/bu 
Statistical 
Significance 
8 1 . 5  
45 . 7  
6 5 . 3  
6 2 . 1  
6 1 .9 
50 . 2  
47 . 3  
6 3 . 8  
64 .9  
53 .9  
40 .0 
42 o0 
46 . 3  
46 .9 
45 .0 
47 . 8  
43.9 
40 . 9  
35 . 5  
29 .4  
45 . 3  
33 . 4  
46 .0 
45. 8  
44. 8 
43. 2 
42 . 2  
41 . 7  
4 1 . 5  
40 o 2  
36. 8  
33 . 8  
29.0 
2 7 . 7  
Mean yield 39 . 4  
N . S . 10 . 6  7 . 2 
95  
55 . 8  
44 . 5  
5 2 . l  
50 . 7  
49 . 7  
46 . 6  
42 . 8  
45 .4  
42 . 7  
38 . 3  
48.0 
48 .0 
46 . 5  
49 .0 
48.0 
49 . 5  
50 . 5  
47 . 5  
45 .0 
48 .0  
47 . 5  
48 .0 
1964 :  Date Planted - April 15 
Date Harvested - July 27  
Variety 
CI  13586 
CI  13655 
Crim 
CI  1 3654 
Mida 
Selkirk 
Justin 
Thatcher 
Pembina 
Rushmore 
CI 1 37 5 1  
Lee 
Can thatch 
Ceres 
Marquis 
LSD • .  OS 
Variety 
CI 13655 
CI  1 3654 
CI  137 5 1  
Can thatch 
Rushmore 
Crim 
Thatcher 
CI 13586 
Selkirk 
Lee 
Justin 
Pembina 
STANDARD VARI ETY SPRING WHEAT TRIALS , DRYLAND,  U . S . NEWELL FIELD 
STATION , NEWELL , 1959-1964 
1964 
1959 1960 1962 1963 1964 1959-64 Test Wt . 
Average Yields , bushels per acre lb/bu 
0 .6 
0 . 4 
0 . 9 
0 .2 
0 . 8 
0 .9 
12 .2 32 .0 
12 .2 36 . 8  
12 .9  33 . 5  
31 . 8  
12 .6 23 . 7  
12 .4  27 . 7  
1 3 . 3  25 .2  
1 1 . 8 30 . 5  
10 .9  23 . S  
1 1 .6 
1 1 . 3 7 . 4 
Mean yield 
27 . 8  
25 .2  
32 . 2  
24 . l  
26 .2 
23 .0 
19 . 5  
29 .9  
22 .6 
24 .6 
23 . 1  
1 8 . 7  
1 8 . 8  
28 . 0  
25 . 5  
25 . 3  
24 . 5  
24 .2 
23 . 8  
23 . 3  
22 .6 
22 .0 
22 .0 
21 . 5  
21 .0 
20 . 8  
1 8 .6 
14 .2 
22 . S  
19 .6 
19 . 4  
15 .9 
1 7 . 3  
10 . S  
6 1 .0 
61 .0 
5 8 . S  
60 . S  
60 . S  
56 . S  
59 .0  
58 . S  
56 . S  
59 .0  
59 . o  
59 . S  
59 .0  
58 . S  
55 .0  
S tat istical 
S ignificance 
N . S .  6 . 1  N . S .  8 . 8 1964: Date Planted - April 15 
Da te Harvested - July 28 
STANDARD VARIETY SPRING WHEAT TRIALS , IRRIGATED , U . S . NEWELL 
FI ELD STATION , NEWELL , 1960 -1964 
1964 
1960 196 1  1962 1963 1964 1960 -64 Test Wt . 
Average Yields , bushels per acre lb/bu 
41 .6 6 . 5 36 .2  
40 .2 5 . 5 35 . 7  
43 .0 6 . 3 34 . 1  
4 1 .2 
41 . 4 S . 1 40 . 7 
4 1 .2 5 .2 37 . 8  
6 .2 36 . 3  
40 . 1  4 .9 39 . S  
Mean yield 
32 . 3  
32 . 1  
35 . S  
29 . 3  
32 . S  
34 . 7  
32 . S  
37 . 3  
30 . S  
29 . 7  
34 . 9  
27 . 8  
27 . 3  
26 . 4  
26 .0  
25 . 7  
23 . S  
23 . 3  
22 . 7  
22 .2 
21 .0 
20 . 1  
19 .6 
23 . 8  
29 .2 
27 . 3  
27 .9  
29 . 3  
27 . 1  
27 . 8  
62 . o  
6 2  . o  
6 1 . 5  
60 . S  
60 . S  
6 1 .0 
59 .0 
6 1 .0 
58 .0  
60 .0 
58 .0  
5 8 . 0  
S tatistical 
Significance 
LSD .05 N . S .  N . S .  N . S .  6 .9 1964: Date Planted - April 15  
Da te Harvested - July 28 
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GRAIN SORGHUM PERFORMANCE TRIAL, 
NEWELL, 1964 
Variety 
DeKalb B32 
DeKalb Shorty 33 
NK 120 
NK 125 
NK 1 33 
NK 144 
NK 212 
Comanche 
Pawnee 
Ute 
PAG 275 
PAG 304 
Pioneer 
TE 44 
SD 102 
SD 441 
SD 451 
SD 502 
SD 503 
RS 501 
RS 608 
RS 610 
848 
Percent Height 
Moi sture Inches 
25 . 9  39 
19 . 2  36 
38 .0  38 
34 . 3  37 
26. 0  37 
27 . 9  34 
9 . 1  35 
8 . 3  33 
34 . 3  42 
1 6 . 2  32 
1 6 .  7 37 
1 1 . 2  30 
19 . 3  35 
31 . 2  30 
23 . 1  38 
13 .7  47 
9 . 4  41 
33 . 4  41 
28 .9  42 
13 . l  46 
28 . 4  34 
13 .0  38 
AREA 83 , u.  S .  NEWELL FIELD STATION ,  
Date r .wt Yield,  
Headed lb/bu 100#/ A 
8/7 24 2. 2 
8/8 26 1 . 6  
8/1 17 2 . 6  
8/10 42 8 . 9  
8/8 16  3 . 5  
8/7 27 2 . 7 
8/17 24 5 . 2  
8/20 23 1 . 3 
8/7 23 2 . 1  
8/12  25 2.4  
8/5 19  1 . 2  
s/10 25 3 .4 
8/25 19 1 . 2  
8/14 25 7 . 8  
7/31 21 0 . 6  
8/2 20 1 . 5  
8/5 40 6 . 1 
8/8 19 1 .  7 
8/7 26 2 . 2  
8/8 20 1 . 4 
8/18 17 3 . 6  
8Ll, 30 4 .5  
Yields are recorded in  alphabetical order by company . Very dry conditions and severe 
bird damage prior to harvest made st ati stical analysi s impo s s ible . Data are reported 
for purpose of record only .  Date planted 5 / 2 7 ; harves ted 9 /29 . 
Temperature and Precipitation Data for 1964 Grain Sorghum Growing Season 
First Frost 290 - Sept . 1 2  
Newell  May 56 . 8  1 .4 3 . 16 0 . 67 
2 NW June 63 .3  -1 . 1  5 . 43 2 . 24 
July 74 . 4  1 . 2 1 . 98 0 . 22 
B3 Aug . 67 . 1  -4 . l  1 .  79 0 . 51 
Sept . 56.9  -3 . 5  0 . 1 1  - 1 . 03 2 . 61 
12 .47 
Temperature and Precip itation Data for 1 964 Small Grain Growing Season 
Newell April 44. 5  0 . 4  0 . 78 -0 . 87 
2 NW May 56 . 8  1 . 4  3 . 16  0 . 67 
June 63. 3 -1 . 1  5 . 43 2 . 24 
July 74. 4 1. 2 . 5 1 .  98  0 . 22 2. 26  
Last freeze April 30 - 30° 1 1 . 35 
9 7  
Grass plots on irrigated borders at 
Newell 
Aerial view of U . S .  Irrigation and 
Dryland Field Station, Newell 
Feeding beef cattle on experiment 
at Newell 
)/ 
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AGRICULTURAL ADVISORY GROUP 
Reed Ranch Field Station 
Presho 
Robert Eo Adrian - White River John Fernen - Mission 
Andrew Dice - Witten George Fluharty - Fort Pierre 
H o  G. Ehlers - Presho John Glaus - Chamberlain 
Allan Kime - Burke 
THE COOPERATIVE EXTENSION SERVICE 
South Dakota State University 
John T o  Stone, Director 
County Extension Agents of the Range Field Station Area 
Merle Aamot Kennebec Lyman County 
James Blackketter Burke Gregory County 
Louie De Smet Mission Todd County 
Robert Edwards Murdo Jones County 
Raymond Eilers Winner Tripp County 
Eugene Zimmerman White River Mellette County 
. . 0 0 . . . . . 0 
Personnel 
Philip Severin, Superintendent, Reed Ranch Field Station 
• Paul E. Collins, Associate Professor, Horticulture, SDSU 
Paul H. Kohler, Professor, Animal Science Department, SDSU 
Donald E. Ray, Assistant Pro fessor, Animal Science, SDSU 
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The Reed Ranch Field Station, located about 20 miles north of Presho, 
is a f ield l aboratory devoted to the study of selenium po isoning in 
cattle . The most toxic areas have been mapped and fenced so as to 
provide high levels of selenium forage . The experiments have been 
devoted to a study of the use of arsenicals in the d iets of c attle 
graz ing on forage containing 5 to 15 ppm of selenium . Some experi­
ments have been concerned with problems of se lenium toxic ity on  re­
productive phenomena in beef cattle . More recently a smal l band of 
ewes have been added to the station to explore the effect of selenium 
toxicity on sheep. 
The superintendent at Reed Ranch is Phi l ip Severin . 
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PROGRESS REPORT ON RESEARCH AT REED RANCH 
D .  E .  Ray 
Time of Breeding Study 
A study was initiated in 1957 to evaluate the effect of season 
of breeding on reproduction and performance traits of cattle . Two breeding 
seasons were initially studied - an " early" group with bulls turned in with 
cows about May 1 ,  and a " late" group with bulls turned in about July 18 . The 
length of the breeding period was 10 weeks for each group . Approximately an 
equal number of cows from each group were allotted to each bull utilized for 
breeding .  
Results from the first five years of this study (1958-62 calf crops) have been 
analyzed and published (J. Animal Sci . 22: 1043 , 1963). Early breeding resulted 
in approxima tely a 22% higher calf crop born and a 20% advantage in calf crop 
weaned . Corrected weaning weights and scores for conformation , condition and 
selenium poisoning symptoms , were not significantly affected (table 1) . 
A slight revision of the study was made in 1963 . Three times of breeding were 
established and the number of cows in each group was increased . Breeding 
started on May l in the " early" group , June 1 in the " normal" group , and July l 
in the " late" group . Each breeding period was two months in length . The 
results for the last two years are summarized in table 2 .  
Percent calf crop born in 1963 did not differ appreciably between the two groups 
and was the highest observed since 1959 . Percent calf crop weaned favored 
the late calving group . Adjusted weaning weights and scores for conformation 
and condition were comparable between the two groups . Selenium poisoning 
symptoms were more noticeable in the late group than in the early group. 
In contrast ,  the percent calf crop born was approxima tely twice as high in the 
early group as compared to the late breeding group the subsequent year. The 
same trend was also noted in percent weaned , although death losses were higher 
in calves from the early bred cows . Adjusted weaning weight favored the early 
group by an average of 50 pounds . The normal group was intermediate for percent 
calf crop and adjusted weaning weight . Scores d id not differ appreciably among 
the three groups . 
The large differences in production traits between years may indicate that per­
centage calf crop is adversely affected following years of relatively high 
selenium damage , as reflected by symptoms in the calves . There is also a need 
for more precise control and evaluation of o ther factors (pasture differences , 
moisture , temperature , etc . )  which may influence calf crop and growth . 
Winter Feeding Trials 
During the winters of 1961-62 and 1962-63 dry-lot feeding trials 
were conducted at Reed Ranch . Rations fed and groups involved are indicated 
in table 3 .  All groups except the bull calves were divided into two lots , one 
lot receiving approximately 15 ppm Se in the ration and the other lot serving 
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as a control less than 2 ppm Se . All  bul l calves received 15 ppm Se in their 
ration . The test period was 141 days in 1961-62 and 158 days in 1962-63 . 
Yearling bul ls were semen tested prior to and fol lowing the feeding period to 
evaluate changes in semen quality during the feeding trials . The results of these 
trials are presented in tables 4 through 7 .  
Lots receiving 15 ppm Se in the ration gained at a faster rate than did those 
receiving the low selenium ration during 1961-62 . However , during the fol lowing 
winter the "control" lots exce l led in rate of gain as compared to the " se lenium" 
lots . It was exp�cted that a high level of se lenium in the ration would depress 
growth ; therefore , the results obtained in 1961-62 are difficult to explain . 
No evidence of mistakes in formulating rations or in feeding were observed . 
Evaluation of semen in the yearling bul ls indicated a decline in semen quality 
in animals receiving a high selenium ration during the 1961-62 feeding period . 
Results from the 1962-63 trial were not consistent with the previous year and 
showed little if any effect of se lenium on semen characteristics . 
Studies with Sheep 
Due to the inadequacy of experimental information on sheep grazing 
se leniferous ranges , an experiment was initiated in the fal l  of 1963 to evaluate 
the effects of selenium ingestion on growth and reproduction in sheep . 
A group of 120 yearling western ewes were divided into two lots . One lot re­
ceived se leniferous alfalfa hay produced at Reed Ranch during the wintering 
period and grazed an area re lative ly high in selenium during the summer period 
("selenium" group) . The other lot was wintered on alfalfa hay produced in a 
non-seleniferous area and grazed an area comparative ly low in se lenium during 
the summer (" control" group) . 
The wintering phase encompassed the period from breeding through lambing (Novem­
ber through May) and was conducted under dry-lot conditions . A difference was 
noted in the protein and carotene contents of the hay fed to the two groups 
approximate ly midway through the wintering phase . Therefore , the "se lenium'' 
group was supplemented with one pound dehydrated alfalfa meal per ewe daily 
through the re mainder of the wintering period to correct the differences in 
nutritional value of the ha,y . 
The results of the first year ' s  s tudy are sununarized in table 8 .  Reproductive 
performance was lower in the se lenium group than in the control group . More 
data wil l  need to be col lected before the significance of this difference can 
be evaluated . Also , the difference in feeding value of the hay noted above may 
have contributed to the lower performance in the se lenium gr oup . 
Abnormal ly high lamb death lo sses were noted in the period from one wee k  of 
age to weaning . Most of these losses were not apparent until the lambs 
were weaned . Approximate ly 35 lambs were lost during the month prior to wean­
ing , and it was assumed that the majority of these losses were due to predatory 
animals . 
Weaning weights corrected for age and sex of lamb did not differ appreciably 
between the two groups . 
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Table 1 .  Number of Matings and Average Performance By 
Years for Early and Late Bre d  Groups 
1958 1959 1960 1961 1962 All  years 
Overall  
total 
Item Early Late Early Late Early Late Early Late Early Late Early Late or avg . 
No . o f  matings 15 14 10 10 11 12 12 12 27 29 75 7 7  152 
Percent born 46 . 7  14 . 3  90 . 0  90 . 0  45 .5 33 . 3  66 . 7  25 . 0  59 . 3  37 .9  60 . 0  37 . 7** 48 . 7  
Percent weane d 40 . 0  14 . 3  90 . 0  80 . 0 36 . 4  25 . 0  58 . 3  25 . 0  48 . 1  31 . 0  52. 0 32 . 4** 42 . 1  
Weaning wt . a 436 334 468 394 434 362 416 383 437 383 440 380 417 
Adj .  weaning wt . b 420 447 443 419 412 376 387 4 07 399 393 411 405 409 
Conforma tionc 10 . 3  10 . 0  10 .4  10 . 9 10 .2  9 . 7  9 . 6  11 . 0  9 .5 10 . l 9. 9 10 .4 10 .1  
t--' Conditiond 7 . 7  7 .5 7 . 0  7 . 6  7 . 0  5 . 0  6 . 3  6 . 7  6 . 8  6 . 9  6 . 9  6 . 9  6 . 9  
Se . symptomse 12 . 7  12 .5 11 . 6  11.5 9 . 2  11 . 0 12 . 8  13 . 0  12 . l  12 .5 11 . 9  12 . 1  12 . 0  
--
** p < . 01 .  
a Adjuste d for sex and age of  dam . 
b Adjuste d  for sex, age of dam and age of  cal f .  
c Ranke d  on a scale from 0-17, with 17 indicating the most desirable conformation . 
d Ranke d on a scale from 0-14 , with 14 indicating the highest condition. 
e Ranke d on a scale from 1-13, with 13 indicating no symptoms . 
Tabl e 2. E f fect of Se a son of Breeding on 
Performance Tra its  of Be e f  Ca ttl e 
1963 1964 
Tra it  E arly La te Early Normal La te 
No . ma tings 31  32 39 36 36 
Percent borna 67 . 7  7 1 . 9 69 . 2  58 . 3  33 . 3  
Percent weaned 45 . 2  59 . 4  56. 4 36. 1 33 . 3  
We aning wt . b 393 325 421  379 338 
Adj.  we aning wt . c 359 360 415 381 365 
Conformation scored 8 . 6  9 . 2 1 0 . 4  1 0 .5 1 0 . l 
Condition score e 6 . 1  5. 7 7 . 1  6.8 6. 6 
Se symptom score f 1 1 . 1  9.5 1 2. 4  1 2.5 1 2. 3 
a Include s cows diagnosed pregnant tha t were sold or die d  be tween bree d-
ing and ca lving. 
b Actua l we an ing we ights. 
c Adjus te d for sex, age of dam and age of ca l f. 
d Ranked on a sca le from 0-1 7, with 1 7  indica ting the mos t de s irable 
conformation. 
e Ranked on a sca le from 0-14 , with 14 indica t ing the highes t  condition. 
f Ranked on a sca le from 1-13 , with 13  indica ting no symptoms. 
Tabl e 3. Ra tions Fed in Winter Feeding 
Tria ls  a t Ree d  Ranch 
Bul l Yea rl ing Hei fer Yearling Two-year-old 
Group Ca lve s Bul l s  
a Ca lvesa He i fersa He i fers a 
Da ily Ra tion (lbs.) :  
rolled oa ts 4 9 s ame a s 6 s ame a s 
a l fa l fa hay 4 9 bul l  6 yearling 
pra irie hay 4 ca lve s 6 hei fers 
Years 1 96 1-62 1961-62 1961-62 1961-62 1961-62 
1962-63 1962-63 1962-63 
a 
Animals  in these  groups divided into two pen s ; one pen received a pproximately 
15 ppm Se in ra tion, the other pen less  than 2 ppm Se in ra tion. All  bull 
ca lves received 15 ppm Se in ra tion . 
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Tab le 4. Results of Winter Feeding Trial , 1961-62 
Average 
T;lEe Scoreb Condition Scoreb No. Daily 
Group Treatmenta Animals Gain Initia l Fina l Initia l Fina l 
Bul l Ca lves Se 13 1.21 9 9 9 9 
Yearling bulls Se 7 1. 10 9 10  8 8 
c 6 0.85 9 9 8 7 
Heifer ca lves Se 7 1. 05 9 7 9 7 
c 10 0.8 9  8 9 9 8 
Yearling heifers Se 9 0. 75 8 8 8 8 
c 8 0.35 7 10 7 9 
Two-year-old Se 7 0. 46 7 8 7 6 
heifers 
c 6 0.33 7 10 8 9 
a 
Se = 15 ppm Se in ration; C = less than 2 ppm Se in ration. 
b Ranked on a sca le from 1-15, with 1 being most desira b le . 
c Ranked on a sca le from o-12, with O indicating no symptoms of selenium poisoning. 
Selenium Score c 
Initia l Final 
l 5 
l 2 
0 0 
0 4 
0 5 
0 l 
0 2 
1 l 
1 3 
Ta ble 5. Results of Winter Feeding Trial, 1962-63 
Average 
Daily 
Gain 
Condition 
Type scoreb scoreb 
Group 
Tre at­
menta 
No. 
animals Initial Final Initial Fina l 
Bull calves Se 10 0. 93 9 9 8 
Yearling bulls Se 6 0.51 10 1 1  9 
c 6 0. 95 9 8 9 
Heifer calves Se 9 0.83 9 8 9 
c 9 0. 76 9 9 9 
a Se � 15 ppm Se in ration; C = less than 2 ppm Se in ration. 
b Ranked on a scale from 1-15, with l being most desira ble. 
9 
10 
9 
9 
9 
Selenium 
score c 
Initial Final 
l l 
3 2 
2 l 
l l 
l l 
c Ranked on a scale from 0-12 , with O indicating no symptoms of selenium poisoning. 
Time 
of 
Collection 
Initial 
Final 
Ta ble 6. Semen Characteristics of Yea rling Bulls, 
Winter Feeding Trial, 1961-62 
No. 
animals 
7 
6 
7 
6 
Treatmentb 
Se 
c 
Se 
c 
c-se 
Percent 
Motility 
41 
42 
l 
34 
69 
35 
Percent 
Alive 
59 
60 
l 
7 2  
7 8  
6 
Pe rcent 
Abnormal 
28 
40 
12 
40 
22 
- 18 
Concentra tion, 
millions 
per cc. 
299 
294 
- 5 
668 
744 
76 
a Initial sample ta ken at b eginning of feeding trial : final samples ta ken at end of 
trial. Initial values b ased on one test ; final values b ased on average of two 
tests. 
b Se = 15 ppm Se in ration ; C = less than 2 ppm Se in ration. 
c Difference observed between control group and selenium group for each semen trait . 
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Table 7 .  Semen Characteristics of Yearling Bulls, 
Winter Feeding Trial, 1962-63 
Time 
of No . 
Collection animals 
Initial 6 
Final 
6 
6 
6 
Treatmentb 
Se 
c 
c-sec 
Se 
c 
c-se 
Percent 
Motility 
50 
56 
6 
55 
53 
- 2 
Percent 
Alive 
85 
84 
- l 
83 
81 
- 2 
Percent 
Abnormal 
17 
23 
6 
21 
19 
2 
Concentration , 
millions 
per cc . 
585 
745 
160 
682 
705 
23 
a Initial samples taken at beginning of feeding trial ; final samples taken at end of 
trial . Each value based on average of two tests . 
b Se � 15 ppm Se in ration ; C ;;  less than 2 ppm Se in ration . 
c Difference observed between control group and selenium group for each semen trait . 
Table 8 .  Performance of Sheep on Two Levels of Selenium 
No . ewes No . ewes Total No . Lamb death losses No . 
exposed to remaining No . ewes no. twin l week lambs 
at lambing lambing lambs pairs Periparturient to weaningb weaned rams 
60 60 50 57 7 1 22 34 
60 59 56 67 11 6 26 35 
Corrected 
weaning 
weight 
54 
55 
a Se = group wintered on seleniferous alfalfa hay and grazing a pasture relatively high in selenium; C =  group 
wintered on non-seleniferous hay and grazing a pasture relatively low in selenium. 
b 
Most death losses oc curred during month prior to weaning, apparently due to predatory animals . 
REPRODUCTIVE STUDIES WITH B EEF CATTLE 
Donald E. Ray 
(Extracted from Animal Science Bulletin AS-64-9) 
At the Reed Ranch Station a study is underway to evaluate the effect of season 
of breeding on reproductive performance. This study was designed to alleviate 
some of the detrimental effects of selenium poisoning on reproduction, as the 
Reed Ranch Station was established to study selenium poisoning (alkali disease) 
in beef cattle. The average percent calf crop (49%) is indicative of the detri­
mental effect of selenium ingestion on reproduction. A recent sunnnary of this 
study, covering results from 1958-1962, indicated that early breeding (starting 
May 1) resulted in an improvement in percent calf crop over late breeding 
(starting mid-July). A 60% calf crop was dropped in the early group, whereas 
only 38% was obtained in the late group . 
The work outlined above will be continued until sufficient data are collected 
for meaningful analyses. If funds and facilities become available, the basic 
studies at Brookings will be expanded to provide for a more comprehensive re­
search program in reproduction of beef cattle. 
CATTLE GRUB CONTROL 
The work on cattle grub control at Reeds Ranch, Presho, parallels that done at 
the Antelope Range Station and at the Range Field Station, Cottonwood. This 
work is reported in the section for Antelope Range in this circular. (See page 
7) . 
TREE PLANTINGS AT REED RANCH 
Paul E. Collins 
After several years of sunnner fallow, the first windbreak was planted in 1955. 
Because of several severe hail storms that spring, it was necessary to replace 
most of the trees the following year . By the end of the 1957 growing season 
overall survival reached a satisfactory 90%. 
The windbreak is oriented mostly east to west and lies north of the farmstead 
area . Its length effectively protects the living area from northwest to north­
east. 
Spacing between rows is 10-12 feet. Spacing in the rows varies from 3 feet in 
the two border rows to 8 feet in most of the interior rows. 
Tree growth and survival has been excellent in spite of the heavy soil conditions 
and the annual precipitation. Species used and performing satisfactorily are 
Tatarian honeysuckle, Chinkota elm, honeylocust, connnon lilac, Eastern Redcedar 
and ponderosa pine. The latter two have done exceptionally well and comprise four 
of the ten-row windbreak . In time these evergreen rows will be the heart of the 
protective qualities of this windbreak . 
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